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.. 4, .ABSTRACT /

• •Considet a pla'form target subjected to a normal impact of explosive prod ts gene ted ".

detonating a bare charge in space. It is sugg.-sted that the loading impulse may be approxi atqd by

the total momentum of that portion of the fluid which impacts at the target. Asun m ulsive
dynamic response, and assuming that the ensuing damage is proportional to 4 tic,/energy

imparted to the structure by the blast, we get a particularly simple law: Damage W/R (W is

charge mass, R is range). This model is an idealization of a solar panel (or antenna) extended in a

paddle-like fashion from a relatively rigid and massive core structure. It is also shown that this law

implies that no advantage can be realized by re-arranging the mass of a single bare charge in a cluster

configuration of smaller sub-charges, which would be dispersed -and detonated via an idealizedý_sotropic" ls'•cheme. /'. ',
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NOMENCLATURE (consistent units in m, kg, ms system)

C Coefficient in ChargeMass-Range-Damage relationship (m. kg"1/ 2)

DOJ Speed of propagation of detonation wave at CJ point (m ms-1 )

I Impulse per unit area of target (kg m"1 ms"1)

I Dimensionless impulse I - I(R) [4xRo./W(2Qo) /21

h Beam thickness (m)

L Length of cantilever beam (m)

_n Lagrange mass coordinate (kg)

-Mp PMoment per unit length of plastic hinge (MPai m2)

N Number of sub-charges in a cluster configuration

P Pressure (MPa)

P6  Surface pressure (MPa)

Q0 Explosive energy per unit mass (MJ kg"1)

Re Radius of spherical charge (m)

R Range from center of charge (m)

S Speed of propagation of shock wave (m ms-1)

t Time (ms)

U Flow velocity (m ms-1 )

V Velocity imparted to target by loading impulse (m ms-t)

W Charge mass (kg)

Y Plastic yield stress (MPa)

Z Total momentum of' an explosive charge (kg m ms-1 )

a Coefficient for dynamic pressure recovery

Y Specific-heat ratio

C_.J Specific-heat ratio of explosive products at CJ point

0 Plastic rotation angle of cantilever beam

K Impact approximation impulse coefficient (presently K = 1)

P Beam mass per unit area (kg m"2 )

p Fluid density (kg m"3)

PP Beam density (kg m-3 )

(P Mid-area angle of sub-charge spherical cap
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1. INTRODUCTION

The advent of space-based weapon systems in our times has raised the prospects of future

"Star Wars" conflicts, rendering the potential use of explosive devices against space targets a present

day engineering reality. The warhead of choice in space seems to be of the fragmentation type, for

obvious reasons. The effectiveness of fragments is unhampered by the space environlent (lack of air

may even be helpful). By contrast, bare charges in space are considerably less efficient u-,an in air.

One may wonder why this is so since in air, as in space, the same amount of chemical energy is

released through the detonation process. The explanation is that the difference is in the much larger

mass involved in the air blast, relative to the bare charge mass.

For a more comprehensive explanation, we take a close look at the process by which an explosive-

driven air blast wave is generated. The explosive products effectively constitute a rapidly expanding

spherical piston (typical initial speed around 6 kinsec), which drives an intense shock wave into the

surrounding air. At a typical range of 100Ro (and with air density equal to about 1/1000 of charge

density), the mass of air entrained by the shock is about 1000 times the charge mass. Thus, the

highly concentrated initial explosive energy, has spread over a much larger mass than that of the

charge, via the mechanism of wave propagation in compressible media, resulting in an increased

momentum. For a comprehensive treatment of blast waves in air the reader is referred to Baker[l].

It is also worthwhile noting that explosive products in space typically attain hypersonic speed prior

to impacting at the target. The flow velocity in an air blast is typically subsonic or somewhat

supersonic. It is thus expected that the actual gasdynamic interaction between the blast flow and a

stationary target, will be fundamentally different in these two cases.

We contend that blast effects in space may still be of practical interest fcr reasons such as the

following :

(i) Notwithstanding the poor efficiency of a bare charge, its use should not be ruled out altogether.

Fragments would contribute to existing - and potentially hazardous - population of space

debris, underlining the obvious fact that there is no absolutely safe standoff distance from an

isotropic fragmentation warhead. A clean bare charge may thus be a reasonable alternative.

(ii) Even a fragmentation warhead has some residual blast capacity, which has to be considered

either as a factor in enhancing target damage, or as a threat to be reckoned with in determining

a safe standoff distance.

.[1



The key idea of the present model is a combination of the assumption that target dynamic

response is related primarily to total blast impulse, and the physically plausible notion that this

impulse is equal to the total momentum of that portion of the expanding explosive products which

impacts at the target. The sense in which this simple notion constitutes an approximation to a proper

gasdynamic analysis of the interaction between the fluid and the target, is clarified in Ch. 2. In that

chapter we also present an illuminating comparison between impulsive blast loading in air and in

space.

In order to demonstrate the ChargeMass-Range-Damage relationship implied by our impact blast
approximation, we chose a simple target model: A cantilever beam with a rigid-perfectly plastic

stress-strain relationship. It represents an extended structural element such as a solar panel or an

antenna. We make use of studies conducted by Mentel [21 and by Bodner and Symonds [31, which

showed that by and large, the effect of accelerating the beam impulsively was to cause a rotation

about a plastic hinge at the point of support. The final angle of rotation is generally proportional to
the initial kinetic energy, so that equating damage with that angle, results in damage being

proportional to the square of the impulse imparted to the target by the blast loading. A presentation

of this dynamic response model, including a sample case, is given in Ch. 3.

Our ChargeMass-Range-Damage relationship may imply some far-reaching conclusions when
applied to the analysis of a more general configuration than the single-charge,/single-target case. In

Ch. 4 we present a simple analysis of a sub-munition configuration of N bare charges, concluding

that it seems to have no advantage in efficiency. relative to a single charge of equal mass. Sections 5

and 6 contain conclusions and references, correspondingly.

We conclude the introduction by listing the main assumptions made in the present study

(a) Blast loading and target response are uncoupled. This is true since typically the target mass is

much larger than the mass of that portion of the explosive products which impacts on it.

(b) Dynamic target response is independent of specific loading time history. It depends solely on

total (time-integrated) impulse.

(c) The target is a panel extended as a relatively supple cantilever. It is supported by a relatively

rigid and massive core structure.
(d) The charge is a sphere detonated at its center. The expansion is spherically symmetric.

(e) Target surface is normal to local flow vector.

(f) Target orbital velocity relative to the center of the charge is negligible, compared with the

velocity of the expanding products.

2



2. IMPACT BLAST LOADIT'*.

Consider the expanding explosive products impacting at a vrget as shown hi Fig. 2-1. By

regard;ig the fluid as an ensemble of non-interacting particles moving at velocity U(R,t), and by

assuming a no-rebound normal impact at the surface, the pressure time his.ory is given by:

P,(t) - p(Rt)[U(R,t)12  (2-1)

How is. this simple impact. mechanism related to the actual gasdynarnic interaction between the

expanding explosive products and the target? When a target is located at a range of at least several

charge radii, two features in the free stream of the oncoming fluid are significant : The flow is highly

hypersonic (Mach number 20 or higher), and the static pressure is very small, which means that

P + pU 2 f pU 2 . These facts were born out by a numerical computation which we performed for a

typical high explosive characterized by the following parameters:

Po M 1800 (kg in")

(2-2)

DCJ 8 (mams"1)

Q0 - DCJ2/[2(yc, 2 - 1)] = 4 (MJ kg-')

Where Q0 was determined by assuming that the detonation corresponded to the CJ point on the

explosive Hugoniot curve, and that the detonation products were an ideal gas with a specific-heat

ratio ycj . The spherically expanding flow was computed by integrating the Euler equations for

isentropic flow via a high-resolution conservative fLte-difference scheme [4-61. The initial conditions

were the self-similar flow field of a just-detonated spherical charge given by Taylor [7]. The code

GRP with which the computation was performed is described and listed in Appendix A.

Consider the flow at a stationary target, which begins at the moment of arrival of the expanding

explosive products (Fig. 2-2). A qualitative description of the ensuing flow pattern is made by

observing its evolution in time. Immediately following the initial (normal) impact, the fluid is stopped

at the target by a backward-propagating shock wave reflected from the surface. Since the target is of

3



finite extent, the fluid between the shock and the surface is accelerated laterally, and streamlines that

tend to curve around the target are being formed. If the oncoming flow were stationary, the flow

field would evolve toward the familiar configration of a detached bow-shock positioned at a

relatively narrow standoff distance from the surface.

Let us find the post-shock pressure in these two limiting phases. In the initial phase, the fluid is

stopped at the target by a reflected shock (Fig. 2-3a), and in the pseudo-stvtionary phase (Fig. 2-2b),

the shock is stationary. In either case we find the post-shock pressure to be given by a pressure-

recovery expression of the form:

P2 _ apU2  (2-3)

Where a is a consyznt related to the appropriate y (assuming the expanded explosive products

are an ideal gas). The governing equations in the reflected shock case are

p(U + S) p2S

p(U + S)2 
- P 2  (2-4)

P(7 + )/(y - 1) = P2  (strong shock)

Where the unknowns are P2 , P. I S.

The equations fbr the stationary shock case are

pU P2U2

pU 2 = P2 + p2U2
2  (2-5)

P(Y + 1)/(y - 1) = P2  (strong shock)

Where the unknowns are p, , U2 , P2 . Thus, solving for a in the two cases represented by

equations (2-4) and (2-5), we get

4



Reflected shock A - [(Y + 1)12]2

(2-6)

Stationary shock u 2/(y + 1)

In either case, since the gas is not dense, the effective range cf Y is somewhere between 1.0 and

1.4 , so that setting a - I is an approximation commensurate with the overall crudeness of the

present impact blast model. Since the flow in tile layer between the shock and the target is low

subsonic (at least it is so away from target edges), the post-shock prcssure is a reasonable substitute

for the surface pressure. Also, u - I is an appropriate approximation where the flow is so

rarefied that it is collisionless. In this limit, a = I corresponds to full thermal accommodation of

re-emitted molecules from a presumably cold surface.

The foregoing analysis constitutes a justification of the impact approximation to the surface

pressure (2-1). Now we turn to the task of evaluating the impulse which is defined as the time-

integrated surface pressure. Using the impact approximation (2-I), the impulse is given by:

I(R) - fP8 (t)dt = fp(R,t)[U(R,t)j2dt (2-7)
0 0

Let us introduce a Lagrange mass coordinate m which enables a transformation from the Euler

system (R,t) to the Lagrange system (m,t). The differential relation associated with this

transformatiun at constant R is :

dm = 4nR 2p(R,t)U(R,t)dt (2-8)

Since it is assumed that the fluid is not accelerated at any (R,t) in the range of interest for blast

loading, the velocity U(R,t) can be regarded as function solely of the mass coordinate, so

that U(Rt) = U(m) . Using (2-8) we are then able to cast the impact blast expression (2-7) in the

following simple and physically appealing form:

I(R) = Z/4nR'
W, (2-9)

Z = fU(m)dm

0

The upper limit W in (2-9), which is consistent with the upper limit 00 in (2-7), implies that the

total impulse is somewhat overestimated, since it contains contributions from the innermost layers of

the explosive products that will arrive at the target as t -+ o0

-- ,S



The total momentum Z is thus a constant which can be evaluated for any specific explosive
charge by numerical integration. We performed this computation with the code GRP described in

Appendix A. In doing so for the typical explosive (2-2), we found out that the impulse (2-9) was a

reasonable approximation at ranges as low as R - 3N1 . Furthermore, it was found that Z could
be approximated by the maximum attainable momentum for the given charge mass and
energy W(2QO)1/2 , to within about 6% Apparently, the total momentum is not overly sensitive

to the exact velocity distribution function U(m) , so that assuming a value of Z appropriate to the

uniform, distribution U(m) - (2Q.4)1 /2 is a reasonable approximation. Thus we finally arrive at the
following closed-form approximation for the blast impulse:

i(R) - K W(2Qo)"/2/4nR 2

(2-10)
K" I

Where the coefficient K is retained in order to suggest that i:s value be determined morae accurately

from detailed experimental or computational data, in the event that such data become dvailable. At
present our best estimate is K - 1.

There is one comparison. however, which can readily be made with available data. We refer to

Impulsive blast loading in air, such as given by Baker (Ref. 1, Fig. 6.3 in the supplement). The

comparison is conveniently made with a non-dimensional form of (2-10), which is rewritten as

I - I(R) [4nRo2/Wj2QO)'1 2j - (R/Ro)2 (2-11)

The air bKst data ha. to be converted to the same normalizatioi zheme as E+. (2-1l), before

the comparison can be made. Considering the definition of i in (2-11) above, and the definition of

scaled range and air blast impulse (Table 6.2 of Ref. 1), this conversio'- is dcne by multiplying the

scaled air impulse and range bv the following coefEcients (sea level ali is ssw. I)

Impulse Multiplier 1 3(2y)' 1 /(4n/3)1/ 3 (pPa/pQo)/ 6 (p,/po)'1 2 = .01204

Range Multiplier 6 (4n/3)/ 3 (PoQo/P')'/3 = 67.06 (2-12)

Pa 1.3 (kg m"3) .Pa M 0.1 (IMPa) y = 1.4

6



The air blast conversion was done by a small code which is given in Appendix B. The air and

space blast impulses are shown in Fig. 2.4. We note that at ranges larger than about 10 charge radii,

the air blast impulse is higher than the space impulse, and the gap widens as the range increases.

This observation is consistent with the qualitative explanation given in the introduction, which
attributed this effect to the increase in the entrained air mass at higher range. At ranges lower than

10 charge radii, the air mass is relatively insignificant, so that one may expect the blast impulses in air
and in space to be comparable. Indeed, the inverse-square variation of impulse with range is

apparent for the air blast at low range. In absolute values, however, the low-range space impulse is

higher by a factor of about 1.7. This might be interpreted as indicating that chcosing K - 1/1.7

would be the appropriate 'calibration'. However, we do not propose to do so, since we are not able

to trace the various factors affecting the low-range impulse as given by Baker [1]; they may somehow

depend on the presence of air, as well as on other parameters such as target size and equation of state

of the explosion products.

RI

R, 0

CHARGE

Figure 2-1. Impact Blast Loading
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Figure 2-2. Shock Reflection at Impact Phase
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(a) Initially Reflected Shock (Impact) (b) Stationary Shock

Figure 2-3. Limiting Cases of Shock Reflection
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3. TARGET DYNAMIC RESPONSE

For the hake of constructing representative ChargeMass-Range-Damage relations from our impact

approximation to the blast impulse (2-10), we suggest a simple idealized structure as target model. It

is a cantilever beam made of a metal characterized by a rigid-perfectly plastic stress-strain relation.

This model is supposed to represent an extended spacecraft component such as a solar panel or an

antenna. The core structure is assumed to be much more massive and rigid than the extended

structural element, so that the cantilever can be idealized as being rigidly supported. The sole

dynamic and structural parameters are hence those of the cantilever.

For this purpose we make use of an experimental and theoretical investigation of uniform
cantilever beams subjected to impulsive loading that was conducted by Mentel [2]. Aluminum alloy

beams were held in a massive support that was gliding along a rail at speed V, until it was abruptly

stopped by a very massive anvil. After the system came to rest; the beams were observed to have

rotated through an angle 0 about the point of support, with little deformation elsewhere (Fig. 3-1).

The theoretical model suggested by Mentel [21 for predicting 0(V) , can be described as

comprising two stagms. Irnmcdiat-ly following the impact, the beam commr.nces rotating rigidly

about the support point, with an angular momentum equal to the pre-collision moment of

momentum about that point. This application of the principle of conservation of moment of

momentum entails an abrupt re-distribution of velocity in the beam, with velocity being proportional

to distance from support, and the tip moving at 1.5 V. The angle 0 is subsequently determined

from the requirement that the rotational kinetic energy be dissipated as plastic hinge work Mp0 .

The resulting 0(V) expression is

0 - (3/8)psLV 2/MP (3-1)

We now make one more step in formulating the model, in that we postulate that the angke 0 is

a measure of damage. Using the following expressions for NIP, p and V:

NI = (1/4)Yh 2

p = Ppph (3-2)

V = I(W)/p

10



We get from (2-10) and (3-1) the following ChargeMass-Range-Damage (W-R-0) relationship:

R - CW1/2

(3-3)
C - [(3/16xn0) (LQo/PPYh 3)I'/ 4

We note that the effective r".nge for a specified target and "damage level" 9 , is proportional to

the square root of the charge mass W.

Using the data for the typical explosive (2-2), and the following data for a specific aluminum beam,
we get for this sample case:

h m 0.002 (m)

L - 1.0 (m)

pp- 2700 (kg m-) (3-4)

Y 300 (MPa)

C - 1.85 0-1/4 (m kg"1/ 2)

The ChargeMass-R ange-Damage relationship corresponding to this sample case is depicted in
Fig. 3-2.

11
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Figure 3-1. Cantilever Beam with Plastic Hinge

100.

L =1.0 ]M]
h ; 2,1o'3[M,

p 700 [kgm-3]

I I

10 100 1000

Figure 3-2. ChargeMass - Range - Damage Curves for Cantilever Beam
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4. CLUSTER CONFIGURATION

In a cluster configuration, the gain in damage is presumably a result of a favorable design tradeoff

between reduced charge mass and reduced range. Can such a gain be achieved for a space system,

assuming the ChargeMass-Range-Damage law (3-3) to hold? It can be shown that by adopting

some simple strategy of sub-munition dispersion and initiation, equation (3-3) implies no gain in

target damage.

Let us assume for the sake of a reasonably simple analysis, that dispersion and initiation of sub-

charges would take place according to the following scheme:

(a) The N sub-charges appear to fan out from a common virtual center, moving at equal speeds.

At subsequent times, their centers are uniformly distributed over an expanding spherical

envelop.

(b) The target moves at a constant velocity relative to the virtual center. Its point of closest

approach to that center is at range R.

(c) The timing for dispersion is chosen so chat the target intersects (tangentially) with the spherical

envelop at the point of closest approach (Fig. 4-1). This is also the point at which the blast
from a single-charge configuration detonated at the virtual center, would have impacted at the

target.
(d) All sub-munitions are detonated at this "moment of closest approach".
(e) It is assumed that each spherical cap of area 4irR2 /N will contain one, and only one, sub-

charge. The probability of the charge location on that cap is assumed to be uniformly
distributed. The expected location on the cap is hence that latitude line (P which divides the

cap into two parts of equal area (Fig. 4-2).
(f) It is assumed that the target is subjected to the blast of a single sub-charge, which is located on

the mid-area latitude T of the spherical cap that surrounds the target (Fig. 4-2).

Since the area of the spherical cap subtended by (p is 4nR2 /(2N) , the angle (p is given by

sin(p(/2) = (2N)"1/ 2  (4-1)

We seek a comparison between the deflection 0 for a single charge (W,R) , and the deflection

0N in the sub-munition case ( WN - W/N, RN = 2Rsin((p/2) ). From the ChargeMass-Range-

Damage law (3-3), using also Eq. (4-1), we get:

13
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(0 N/0) - (WN/W) (R/RN) 4 - 1/4 (4-2)

Consequently, there is no potential gain in a tradeoff between charge mass and range, for a cluster

configuration with the aforementioned dispersion scheme. The factor 1/4 , along with the mass

overhead inherent in constructing a multi-charge configuration, indicate that in causing blast damage,

a single charge is more effective than an equal-mass isotropically dispersed cluster.

~gCAL ENV~ 4J 4

Figure 4-1. Target Intercept at Closest Approach

RRN

TARGET

SPHERICAL CAP 4,rR 2!2N

SPHERICAL CAP 4 v R2 /N
Figure 4-2. Spherical Cap Surrounding the Target
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5. DISCUSSION AND CONCLUSIONS

Our analysis pertains to a bare explosive charge initiated at a point of closest approach to the
target. We have shown that the loading impulse on a planfbrm target is given by the impact

approximation (2-7), which states that the impulse is proportional to the charge mass and inversely

proportional to the range squared. The impulse in space has been compared with impulse in air at
sea-level. It was found that the two are quite comparable at close range (10 charge radii or less),

exhibiting identical variation with range. At far ranges, the inmpulse in air is the higher one. This is

consistent with the notion that spreading the explosive energy over larger air mass results in larger

momentum (and hence reflected impulse). We then proceeded to develop the ChargeM ass-Range-

Damage law (3-3) for an impulse-responsive target, which states that blast damage is proportional to

the square of the charge mass and inversely proportional to the fourth power of the range. These
results were obtained by introducing extensive simplifications in the analysis of gasdynamic

interaction, and in the analysis of dynamic target response. We have further shown that this damage
law also implies that no gain can be achieved by an idealized cluster configuration of bare sub-

charges, relative to a single charge of equal total mass.

It is worthwhile noting that all assumptions introduced in the course of formulating the impact
blast approximation and the structural dynamic response to impulsive loading, imply that taiget

damage is overestimated. The only exception is the approximation in setting c I , which can be

readily rectified by assigning to a the reflected shock value given in (2-6). Furthermore, we assumed

that the pressure at the midpoint of the target, is the pressure everywhere on the target. Due to flow

around the edges, the average pressure is lower than the midpoint pressure. Also, targets are not

everywhere normal to the flow (and charge,'target attitude is not a design parameter). Oblique impact

obviously entails reduced target loading. In the area of structural dynamic response, a time-
distributed loading function generally delivers less kinetic energy to the structure than an impulsive

loading of equal total impulse, resulting in reduced deformation (damage). Thus, while the present

model may be regarded as an over estimate when applied to a sure-fail analysis, it is particularly

suitable in determining a sure-safe range.
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APPENDIX A. The GRP Code

The purpose of this Appendix is to provide a concise description of the GRP code, and a listing of

its CHARGE version. It is intended for users that have had prior experience in implementing

schemes for solving the Euler equation of compressible flow. The theoretical background ot GRP

schemes constitutes the principles on which the code is founded. Some familiarity (at least) with this

background, as given in References 4, 5 and 6 is indispensable to any implementation of GRP

schemes. Reference 4 is recommended as an introduction. The planar G RP scheme is fully described

in Reference 5, and the duct-flow GRP scheme on which the present CHARGE version is based is

given in Reference 6. (In CHARGE version the flow is spherical and the 'duct" area is set to

X(I)**2, but the code can handle any area variation - see subroutines CROSS and RATIO below).

In GRP schemes, second-order accuracy is achieved by considering a piecewise linear interpolation

"of the flow in each cell (Fig. A-I), from which second-order accurate fluxes at each cell interface are

evaluated through an analysis of a local Generalized Riemann Problem (GR.P). Briefly stated, the

GRP goes one step further than the Riemann Problem (RP), in that it seeks (analytically) the first

time-derivative of the flow that evolves as the "diaphragm" is removed from the cell interface, at the

origin of the centered (X,T) wave paths of the RP solution. The major computational subroutines arm

CYCEUL where the integration of conservation laws is performed, RIEMAN where the local

Riemann Problems are solved by Newton-Raphson iterations, MAGA where the closed-form

expressions derived from the GRP analysis [61 are used to compute flow time-derivatives a!ong the

contact surface, FLUXE where all the previously computed information is used to extrapolate the

fluxes to mid-time-step (T+ DT/2) which constitutes a second-order accurate flux.

The plan of trds Appendix is as follows. Array variables, including those which carry conserved

variables (mass, momentum and energy), are described in section A.I. This is followed by

descriptions of general parameters (A.2), labeled COMMON variables (A.3) and all subroutines (A.4).

We conclude by giving the CHARGE version listing (A.5), which should be consulted whenever a

reading of this code description is attempted.

NOTE : The present CHARGE version was implemented in a GRP code version that had been

converted to treat detonation waves as chemically reactive compressible flow. However, the

detonation scheme is effectively neutralized by setting QDET=-0 (in NETUNM). All variables

pertaining to detonation, such as arrays Z(I), DZ(I), FIMZ(I), ZMDOT(I) and labeled COMMON

variables containing Z in their names, should be ignored.

17
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A.1 Army Variables

The code GRP is organized so that all major subroutines are called with standard list of array

variables which represeut the integration scheme (i.e. the conservation laws), local Riemann Problem

solutions and second-order accurate fluxes. Virtually all array variables are initially defined in

BEGIN (initial conditions), and are subsequently updated at each time step in CYCEUL. The

following list explain, the meaning of these variables. Some terms used in the list are defined below.

X(I) grid point coordinate.

U(I) velocity in cell A.

PtI) pressure in call I (computed from equation of state).

RO(1) density in cell I. This variable is time-itegrated according to the law of

conservation of mass. (ComT lutd in CYCEUL).

E(1) total energy per unit volume (in Juding kinetic energy) in cell I. This variable is

time-integrated according to the law of conservation of (total) energy. (Computed

in CYCEUL).

DU(I) velocity difference in cell 1.

DP(l) pressure difference in cell 1.

DRO(l) density difference in cell I.

DG(l) Lagrange sound velocity difference in cell I.

DXSI(l) the Lagrange coordinate increment defined •s RO(I)*(X(I + I)-X(I)), for cell 1.

M IN(I) inactive in present version.

US(l) velocity at the contact surface obtained after the resolution of the local

discontinuity at X(1) (Riemann Problem solution). It is denoted as U in

References'4-6.

PS(I) pressure at the contact surface obtained after the resolution of the local
SP*

discontinuity at X(I) (Riemann Problem solution), It is denoted as P in

References 4-6.

UIDOT(I) time derivative of US(I) along the contact surface. (This derivative is the result of

the GRP analysis. It is computed in MAGA. See Ref. 5 and 6).

PIDOT(I) time derivative of PS(I) along the contact surface. (This derivative is the result of

the GRP analysis. It is computed in MAGA. See Ref. 5 and 6).

FIMZ(I) inactive in present version.

ZMDOT(I) inactive in present version.
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TENA(I) momentum per unit volume RO(I)*U(I) in cell I. This variable is time-integrated

according to the law of conservation of momentum. (Computed in CYCEUL).

FIRO(1) mass flux at point X(l) (second-order accuru.te).

FIM(J) momentum flux at point X(I) (second-wrder accurate).

FIE(I) energy flux at point X(I) (second-order accurate).
GIP(I) the pressure term in the momentum flux. It corresponds to G(U) in References 4

and 6.
VOL(I) volume of cell I.

Z(I) inactive in present version.

DZ(1) inactive in present version.

Glossary of terms used in the array variables list:

Cell I - the cell between grid points X(I) and X(I + 1). All cell variab!es are averages per that

interval.

Difference in cell I - tht difference between values of variable at cell boumdaries X(I + 1) and X(I).
Those values are obtained from "monotonized" piecewise linear distribution of each variable

in each cell. (Fig. A-1).

Second-order accurate flux - the flux time-derivative at point X(I) is computed from the time-

derivatives of pressure and velocity along contact surface PIDOT(I) and UIDOT(l) (in

FLUXE). Then the the flux is extrapolated to the centered time point (T + DT,/2), using

those derivatives. This centered value is the second-order flux for integrating the

conservation laws between T and T + DT.
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A.2 Major Parameters

A list of major parameters indicating their meaning end the routine in which they are defined, is

given below. Those parameters defimed in NETUNM are the run input. There is no reading of an

input file in this version of GRP code (and the only output is the printed output).

L number of grid points + I (main program)
LL L - I (MAIN PROGRAM)

T time (MAINO)

DT time step (MAINO)
TMAX maximum time (when T.GE.TMAX the run is terminated) (NETUNM)

TMUD time for which next printing will take place (NETUNM)

DTMUD printing time step (NETUNM)

NCYC serial number of time step (integration cycles) (MAINO)

COLELA switch to evaluate cell differences by Colella's method when COLELA.NE.0

(NETUNM)

KEYMON key for monotonization scheme (just one is presently provided when COLELA.EQ.0)

(NETUNM)

NCYCPR ti'equency ofline printing at each cycle (time step) (NETUNM)

STAB CFL stability coetficient. Must be smaller than 1. (NETUNM)

DTBA next time step computed from stability criterion (CYCEUL)

DTKOD former time step (MAINO)

KDT index of cell where DFBA was determined (CYCEUL)
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A.3 Labeled COMMON varables

Labeled COMMONs are used primarily to transmit data to and fiom routines that perform the

major computational steps of the GRP scheme, i.e, RIEMAN, MAGA and FLUXE; these routines

are called from CYCEUL. When the value of any of those variables is needed for later use, whether

for updating conservation variables (RO, TENA, E), or for printing, it is stored in the appropriate

array. All labeled COMMON variables are grouped under labels that indicate their role, and their

names are also mnemonic. Generally, suffix L means Left and suff'i R means Right. It may indicate

sides either with respect :o a cell interface X(l), or with respect to the contact surface which separates

the Right- and Left- propagating waves in a solution to the local Riemann Problem. We indicate by

INPUT variables tha. are computed prior to calling the subroutine, and by OUTPUT variables whose

value was computed within the subroutine and constitutes the result of calling that subroutine.

COMMON /STEPO/ Parameters related to the local Riemann Problem. This is the first step in

the GRP scheme.

UL, PL, ROL, CL, GL, SL - velocity, pressure, density, sound speed, Lagrange sound speed and

entropy, attributed to Left side of cell interface at point X(I). (INPUT)

USTAR, PSTAR - velocity and pressure at the contact surface obtained when the local

discontinuity is resolved (i.e., the solution to the local Riemann Problem). The

omission of L or R suffix indicates that P and U are continuous across the contact

surface. (OUTPUT)

RSTARL, CSTARL, GSTARL - density, sound speed and Lagrange sound speed on the Left side of

the contact surface. (OUTPUT)

WL - Lagrange velocity of propagation of the Left-moving shock, relative to the fluid. (OUTPUT)

UW(6) - velocity of propagation of each wave front (Fig. A-3), relative to the inertial system

(X). (OUTPUT)

HELEML - logical variable. If HELEML.EQ..TRUE. the Left-propagating wave is a shock.

Otherwise it is a (centered) rarefaction wave. (OUTPUT)

NFLUX - integer variable. It denotes the region in the Riemann solution wave structure, which

contains the point X(I) for all time. Refer to Fig. A-3 for illustration. (OUTIPU-T)

LAMDAL, RATEL, TEMPL, TEMPSL, ZL, ZSTARL - inactive.
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COMMON ISTEPI/ Parameters related to the time-derivative evaluation of the GRP scheme,

performed in MAGA. The time-derivatives of P and U along the contact surface are

the main result of MAGA.

DUIDT, DPIDT - time-derivatives of velocity and pressure along contact surface. (OUTPUT)

ASTARL - The directional derivative of U along the fan characteristic at the trailing characteristic

of the Left rarefaction wave. It is not evaluated when the Left wave is a shock. (See

References 4-6) (OUTPUT)

DGIDTL, DRIDTL - time-derivatives of Lagrange sound speed and density along the left side of

the contact surface. (OUTPUT)

DSDAL - Lagrange spatial derivative of entropy on the left side of contact surface, prior to

removal of the partition at X(I).

SH, RAT the cross-section area and the x-derivative of ln(SH). They are user-defimed in CROSS

and RATIO respectively.

DSDASL- entropy derivative used in the special 'sonic" case (i.e, when NFLUX-2 or

NFLUX - 5). See References 5,6 for details. (OUTPUT)

LAMDSL, DZDAL, BETACL, DZDASL - inactive.

COMMON /GRADS/ Used to transmit flow gradients (that exist in fluid prior to removal of the

partition at X(I)) to MAGA.

DUDXIL, DPDXIL, DGDXIL, DRDXIL, DSDXIL - gradients of U, P, G, RO, S (with respect to

Lagrange coordinate). They are computed in CYCEUL for transmission to MAGA.

(INPUT)
DZDXIL - inactive.

COMMON /FI/ Used to return values of updated flux and cell-interface variables from

FLUXE.

FIHI, FIH2, FIH3 - second-order flux of mass, momentum flow (just RO*U**2) and energy. They

are extrapolated to Half the time step T + DT/2. (OUTPUT)

GIH - the value of P at T+ DT'2

22
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UXN, PXN, GXN, ROXN - values of U, P, G, RO extrapolated to New time T+ DT, at cell-
interface. They are used in CYCEUL to get tentative (pre,-monotonized) new cell
differences. (OUTPUT)

ZXN, FIH4, ZMDOTL, ZMDOTR inactive.
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A.4 Description of Subroutines

MAIN PROGRAM

The task of this program is to allocate array space for the NMAT arrays required by the present

version of GRP code. The length of each array is L. The allocation is done by calling MAINO. This

standard calling sequence is maintained hereafter, thus facilitating modifications.

MAINO

This subroutine functions as an overall orgunization routine. It can be read as a kind of flow-

chart of the entire computation. First, run set-up is done by calling once to NETUNM (data) and

BEGIN (initial conditions). Then a loop over time steps is begun. In each cycle the integration by

one time step is performed by calling CYCEUL, and subsequently boundary ccnditions arc

implemented by calling SAFAE. Whenever T.EQ.TMUD, results are printed by calling PRINT and

TMUD is updated by adding DTMUD.

NETLNM

Here data are set for a particular run. User is invited to modify this routine. There is ao input

file. This routine is called just once from MAINO. Note that the detonation data section is skipped

when QDET.EQ.0.

BEGIN

Initial conditions are set-up in this routine. The configuration of some nominal case is given in

present version. (In CHARGE version it is the detonated spherical charge, using the Taylor self
similar solution as initial conditions). User is called to modify this routille so as to generate any other

desired initial configuration.

TAYLOR

The purpose of this routine, along with ancillary routines INIDAT, RUNGE and DERIV, is to

compute the self-siniiar Taylor solution [71 of a detonated spherical charge, and implement it as
initial conditions for the GRP computation of the ensuing expansion. TAYLOR is called once by

BEGIN.

The core of the solution is the numerical (Runge-Kutta) integration of two coupled ordinary
differential equations. The integration variable is PS!. (The flow velocity normalized by DCJ is given
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by U - EXP(-PSI) ). The two dependent variables are X - the normalized radial coordinate (X - I at

the .phere boundary), and C - the normalized speed of sound. The integrauion is carried out by

calling RUNGE, which in turn calls DERIV for the evaluation of derivatives. Data for the TAYLOR

computation is set up by calling (just once) INIDAT.

The initial conditions needed in BEGIN are values of mass, momentum and (total) energy per cell.

These are most accurately computed by spatially integrating the Taylor solution, resulting in lumped

mass, momentum and energy per cell, which are then divided by the cell volume. This refinement is

signZicant since gradients are high near the charge boundary (X- 1). A total mass and energy check

for the entire sphere is performed and printed.

INADAT, RUNGE, DERIV

Subroutines used only in conjunction with the Taylor initial conditions setup. See TAYLOR

above.

RATIO, CROSS

User-defined routines. If A(X) is the duct cross-section area, then CROSS(X)-A(X) and
RATIO(X) = D[In(A(X))I/DX.

CYCEUL

This is the central computation routine. All major stages of the GRP scheme are performed by

calling specific subroutines from CYCEUL. Then RO(I), TENA(I) and E(I) are updated to new time

T+ DT by solving the appropriate conservation laws in CYCEUL.

The first loop (DO 1) performs a set of preparatory steps as follows

(a) CALL RIEMAN - Solving the local Riemann Problem at each X(I).

(b) CALL MAGA Solving the local Generalized Riemann Problem at each X(I).

(c) CALL FLUXE Computing second-order fluxes at, X•l).

(d) Evaluation of cell-irterfact finite differences DU(l), DP(I), DRO(I) in each cell. These will be

used at the future time step (after monotonization) for piecewise-linear interpolation of the flow

in each cell. (See definition oil DUDXIL, DPDXIL,..., just preceding the call to MIAGA in this

loop).

Note that in present CHARGE version additional computation of PRESS, PULSE1,..., PULSE4

has been added. It is just informative and does not interfore in any way with the execution of the
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GRP scheme. The purpose of this computation is to monitor the numerical solution and to observe
the accuracy within which the asympt'tic value of the momentum integral Z (Eq. 2-9 above) is

approached.

In the second loop (DO 2), the integration of the three conservation laws is performed, using
second-order fluxes that had been computed in loop 1. Flow variables such as P(I) and U(I) areI

computed in this loop from the conserved variables. 'The cycle computation is concluded by calling
BDOKI for monotonization of DU(I), DP(I) and DRO(I).

SAFAE

In this routine user-defined boundary conditions are implemented. Present version (CHARGE)

contains rigid wall at the center of the sphere X(2)-0, and an 'open boundary* at the outer

computational zone limit X(L). The rigid wall condition is achieved by setting up a virtual

antisyinmetric cell next to the boundary cell, so that the solution to the local Riemann Problem will

result in a non-moving contact surface (USTAR- 0). The open boundary is an approximation to an

ideally non-reflecting boundary. Here the virtual cell is I = L, and the flow in it is defined as a
"continuation" of the flow in the adjacent last cell I = LL.

BDOK1

Here the tentative cell-interface differences DV(I) are monotonized according to neighboring

average cell values V(I-1), V(I) and V(I + 1). The basic idea is that the cell-interface slope DV(1)

should have the same sign as the average slope V(I + l)-V(I-l). When V(l) is a local extremrnum DV(I)

is set to zero. Also, the absolute value of DV(I) is constrained so that the jump from a cell-interface

value to the adjacent average value V(1), will never be of opposite sign to DV(1).

DCOLE

When COLELA option is used (not in present CHARGE version), the pre-monotonized slopes

are simply the centered difference (V(I+I)-V(I-l))/2. Note that even under this option, the

monotonization routine BDOK I is subsequently called.

PRINT

Printing of results. Reading this routine is self-explanatory. Note some features added for

present CHARGE version. User is called to modify this routine to his specific needs.
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SOF

Run termination when an error has been detected. ISTOP is an informative index. All printing

of relevant information should be done at the calling routine prior to calling SOF. Note that the run

is ended in SOF by deliberately causing a system error of computing SQRT(. 1). This is done in order

to trigger printing of the sequence of calling routines by the operating s-ystem.

RIEMAN

Here a single Riemann Problem (RP) is solved by calling RIEMAN from CYCEUL. Referring

to Fig. A-2, the RP is solved by finding the point of intersection (USTAR,PSTAR) of Left-

propagating and Right-propagating shock/rarefaction adiabats in the (U,P) plane. Prior to the actual

computation, the qualitative wave structure is determined. It is characterized by the index NCASE as

follows:

NCASE - 1 - Left wave is rarefaction, Right wave is shock.

NCASE - 2 - Both waves are shock.

NCASE - 3 - Left wave is shock, Right wave is rarefaction.

NCASE= 4 - Both waves are rarefbction.

The computation of (USTAR,PSTAR) is coded separately for each case. Newton-Raphson

iteration is employed, the first guess being the intersection of the Left and Right rarefaction branches

(or their extrapolations), which is done in closed-form. Since in a smooth flow this guess is close to

the exact (USTAR,PSTAR), little extra CPU effort is spent on subsequent Newton-Raphson

iterations. These are truly needed only in regions of shock wave computation.

The computation in RIEMAN is concluded by computing UW(I),...,UW(5) (UW(6)= infinity).

From these wave speeds, the flux index NFLUX that denotes the location of the X-axis on the (XT)
wave diagram of the RP solution (Fig. A-3), is evaluated. It is later needed in subroutine FLUXE.
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MAGA
The major purpose of this routine is to compute DUIDT and DPIDT along the contact surface

of the RP solution. Since U and P are continuous across the contact, so are their time-derivatives
along the contact. Thus, DUIDT and DPIDT are solved from a set of two linear equations. The
coefficients of each equation are determined by GRP analysis of the wave on one side. See

References 4-6 (particularly Ref. 6) for details.

FLUXE

The major task of this routine is to compute second-order fluxes. This is done in two phases.
The first phase is up to statement 9 CONTINUE, where using NFLUX the X-suflixed values of flow
variables and their time-derivatives are defined. An X-suffix means that the variable or its time-

derivative are related to the line X - X(I) on the (X,T) wave diagram (FiS. A-3). In the second phase,
these variables v.nd their time-derivatives are used to extend fluxes at X(I) to Half-time-step (hence
the suffix H), i.e. T + DT/2. It is these fluxes which are the second-order accurate fluxes for the
integration of the conservation laws from T to T+ DT. Also, cell-interface flow variables (suffix N)
are extended to New time level T + DT. These are later used in defining cell differences DU(I), DP(I)
and DRO(I) in CYCEUL.
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A.5 Listing ot GRP Code

C4'OPTIONS LIST CARaf VE11 CHAC00l
IMPLICIT REALm$(A-H,O-Z,*) C HA 0002

C PROGRAM ORP - GENERALIZED RIEMANN PROBLEM. CHA0003
C EXPANSION OF A DETONAT!D SPHERICAL CHARGE IN VACUUM. CHAO004
C INITIAL CONDITIONS FROM TAYLOR'S SELF SIMILAR SOLUTION. CHA00O5

COMMON B(102,26) CHAO006
I ,ENDB CHAO007
COMMON /AB/AC50) CHAO008
EQUIVALENCE (L,A(1)),'ILL,A(2)),CT,A(3)),(DT,A('i)),(TMAX,A(5)), CHAO009
1 CTMUD,AC6)),CDTMUDAC7)),CJOB,A(8)),CNERI,AC9)), CHAO01fl
2 (JJJ,A(10)), (KEYMON,A(11)), (NCYC,A(12)) CAA0011
EQUIVALENCE (CQLELA,A(13)) CHAO012
EQUIVALENCE (LAOEUL,A(14)) CHAUQI 3
EQUIVALENCE (UGAL,A(15)) CHAO014
EQUIVALENCE (KEYEK,A(16)) CHAOO15
EQUIVALENCE (NCYCPR,A(17)) CHAO016
EQUIVALENCE CSTAD,A(18)), (DTBA,A(19)), (DTKOD,A('20)), (KDT,A(21)) CHAO0i7
COMMON /M0NIT/CASEAVC4),NC14(4),NF16(6), CHA 0018
I NMONUC4) ,NMONPC4),NMONRO(4), NMONZ('4) CHAO319
DIM1ENSION NZEROC26) CHAO020
EQUIVALENCE (NZERO(1),KC14C1)) CHAO021
COMMON/PULS/PRESS(1O),PUI.SE1(10) ,PULSE2C1O),PUI.SE3(10) ,PULSE4(10) CHAO022

DO 20 N1l,26 CHAO024
20 NZERO(N)=0 CHAO025

DO 21 N=1,4 CHAO026
21 CASEAV(N)=0. CHAO027

DO 31 N=1,10 CHAO028
PRESS(N)0O. CHAO029
PULSE1(N)=0. CHA0030

PULSZ(N=O.CHAO0031
PULSE3(N)=O. CHA 0032
PULSE4(N)0O. CHAO033

31 CONTINUE CHAO034
NMAT=26 CHAO035

C L=(LOCF(ENDB)-L0CFCB(l,1)))/NMAT CHAO036
L=102 CHAO037
LL=L-1 CHAO038
NN=NMATNL CHAO039
DO 1 T:1,L CHAO040
DO 1 I121,NMAT CHAO041

1 B(I,II)=O. CHIAO042
CALL MAINO(L,B(1, 1),B(1, 2),B(1, 3),B(1, 4),B(1, 5), CHAO043

1 BC1., 6),B(1, 7),B(1, 8),BC1, 9),B(1,10), CHA0O44
2 B(1, 11), BC1,12),B(1, 13),B(1,14), B(1, 15), CHA0045
3 B(1,16) ,BC1,17),B(1, 18) ,B(1,19),B(1 ,20), CHAO046
'4 B(1..21) ,B(1,22),B(1,23),BC1,24),BC1,25), CHAO04.7
5 B(1,26)) CHAO048
STOP CHAO049

- END ______CHAOO'5O

SUBROUTINE MAINO FAP,-Ir4 CHAOO51
1 (L,X,U,P,ROPG,E, DU, DP,DRO,DO,DXSI,MIN, CHAO052
2 US,PS,UIIDOT,PIDOT, CHAO053

FIMZ,ZMDOT, CHAO054
3 TENAJ.FIRO,FIM,FIE,GIP,VOL,Z,DZ) CHAO055
IMPLICIT REAL*8(A-H,O-Z,$) CHAO056
DIME14SION X(L),U(L),P(L),RO(L),G(L),E(L),DU(L),DPCL),DRO(L), CHAO057
1 DG(L),DXSICL),MIN(L), CHAO058
2 USC L) ,PS L ) ,UID0T(L ),PIDOT(L) CHAO059
3 ,TENA(L),FIRO(L),FTMCL) ,FIE(L) C.HAO060
4 ,GlP(L),V'OL(L),ZCL), DZ(L) CHAO061
5 ,FIMZ(L),ZMDOT(L) CHAO062
COMMON /AB/A(50) CHAO063
EQUIVALENCE (LL,A(2)), CT,A(3) ), (DT,A(4)), (TMAX,A(5)), CHAO064
1 (TMUD,A(6)),(DTMUD,A(7)),(JOBA(8)),(NERI,A(9)), CHAO065
2 (JJJ,A(10) ),CKEYMON,A(11)) , NCYC,A(12)) CHAO066
EQUIVALENCE (LAGEUL,AC14)) CHAO067
EQUIVALENCE CNcycrR,A(17)) CHAO068
EQUIVALENCE CSTAB,A(18)), (DTBA,A(19)), (rrKOD,A(20)), (KDT,AC21)) CHAO069
COMMON /TOT/AMTOTrETOT,EKTOT,FPTOT,TENTOT CHAO070

7=0. CHAO0722
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NCYC=0 CHAO073
J J J 0 CHAO074
CALL NETUNM CHAO075
DELTzDT CHAO076
CALL BEGIN CHA 0077
I CLPXUJ.PFROODEPDU,DPP DRO,DO,DXSIMIN, CHAO078
2 US,PSUIDOT,PIDOT, CHA 0079

xFIMZ.,ZMDOT, CHAO08O
3 TENA,FIRO,FIM,FIE,GIP,VOL,ZDZ) CHAO081
CALL SAFAE CHAO082
1 (LX,U,F,RO,G,EJ.DU,DP, DRO,D~ODXSI,MIN, CHAO083
2 US,PS,UIDOT,PIDOT, CHAO084

FIMZ,ZMDOT, CHAO085
3 TENA,FIRO,FIM,FIE,GIP,VOL,Z,DZ) CHAO086

1 NCYCzNCYC+l CHAO087
C TIME STEP CONTROL. CHAO088

DT=DTBA CHA0089
IF(DT.GT.1.1DO*IDTKOD.AND.DTKOD.NE.O..) DTl1.D03*DTKOD CHAO090
IF(NCYC.EQ.2) DT=DT/lO.DO CHAO091
IF (NCYC.EQ.1) DTO0. CHAO092
IFCDT.EQ.O.) GO TO 11 CHAO093
NHAI)( (TMUD-T)/DT-l.D-lO) CHAO094
IF(NHAD.GE.10) GO TO 11 CHA 0095
DTz(TNUD-T)/DFLOAT(NHAD+l) CHAO096

11 CONTINUE CHA0097
T=T+DT CHAO098
IF((NCYC/NCYCPR)*NCYCPR.NE.NCYC.AND.NCYC.GT.NCYCPR) 0O TO 33 CHAO099
PRINT 10,. NCYC,T,DT,KDT CHAO100

10 FORMAT(lX,INCYC=I,I4,3X,WT=s,Dll.4,3X,SDT=I,Dll.4,3X,WKDTr-!,T4) CHAO101
33 CONTINUE CHAO102

DTBA=DTMUD CHAO103
KDT=O CHAO104
NERI:1 CHAlO10
IF (DABS(1*-TMUD).LT.l.D-8) NERI=O CHA0lO6
CALL CYCEUL CHAO107
1 (L,X,U,P,RO,G, E, DU,DP, DRO,DG,DXSI,MIN, CHAO108
2 US,PS,UIDOT, PIDOT, CHAO109

FIMZ,ZMDOT, CHAO110
3 TENA,FIRO,FIM,FIE,GIP,VOL,7.,DZ) CHAO111
CALL SAFAE CHAO112
1 (L,X,U,P,RO,G,E,DUDP,DRO,DG,DXSI .MIN, CHAC113
2 US,PS,UIDOT,PIDOT, CHAO114I

)EFIMZZMDOT, CHAO115
3 TENA,FIRO,FIM,FIE,GIP,VOL,Z,DZ) CHAO116
IF CNERI.NE.O) GO TO 2 CHAO117
CALL PRINT CHAO118
1 (L,X,U,P,RO.G, E, DU,DP, DRO,.D6,DXSI,MIN, CHAO119
2 US,PS,UIDOT,PIDOT, CHAO120

FIMZ,ZMDOT, CHAO121
3 TENA,FIRO,FIM,FIEGIP,VOL,Z,DZ) CHAO122
IF (DABS(T-TMUD).LT.1.D-8) TMUD=TT1UD+DTMUD CHAO130

2 CONTINUE CHA01SI
DTKOD=DT CHAO132
IF (T.LT.TMAX-1.D-8) GO TO 1 CHAO133
RETURN CHAO134

__ _ __ _ END CH________________ ADQ135
----UBRUTIE RTUN KeONO CHAnI 36

IMPLICIT REAL*8(A-H,O-Z,$) CHA01-37
COMMON /AB/A(50) CHAO] 38
EQUIVALENCE (L,A(1)) CHA0139
EQUIVALENCE (LL,A(2)), (T.A(3)), CDTA(c4)), (TMAX,A(5)), CHAO140
1 (TMUD,A(6)), (DTMUD,A(7)),(JOB,A(8)), CNERI,AC9)), CHAO141
2 (JJJ,A(1O) ) , KEYMION,.AC11)), (NCYC,A(12) ) CHAO142
EQUIVALENCE (COLELA,A(1.3)) CHAO14t3
EQUIVALENCE (LAGEULAC14)) CHAO144s
EQUIVALENCE (KEYEK,A(16)) CHAO145
EQUIVALENCE (NCYCPRA(17)) CHAO14,6
EQUIVALENCE (STAB,A(18)),cDrBA,A(19)),8DT'(OD,A(2o)),(KDT,Ac2l)) CHAO147
COMMON/DETO/QDET,PCJDET,RCJDET,UCJDET,DCJDET,PODET,ROODET, CHAO14.8
1 RATETEMPC CHAO14~9
COMMON/DIFFUS/U2, PZ, R0,ARW CHAO150
COMMON /DRAW/GODELX,GODELY,UMIN,UMAX,PMIN,PMAX,ROMIN,ROMAX CHAO151
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I YMIN,XMAX,SMIN,SMAX,IVERSA CHAO152
COMMON /OAM/GAMA,N0,M1U2,Ol,O2,G3,G4,G5,O6,G7,08,0o9,lOolI CHAO153
1 012,013,014,015,016,017,018,019,020,021,022,023 CHAO154

2 ,024,025,026,027,028PO29oG3O,O3l,G32,033,034,G35 CHAO155
REALK8 NO,MUZ CHAO156
NAHELIST /IN/LIN,GAMA,DT,TMUD,DTMUD,TMAX, CHAO157

1 ODELX,GODELY,UMIN,UMAX,FPMIN,PMAX,ROMIN,ROMAX, CHAO158
2 SMIN,SMAX,IVERSA,KEYMON,COLELA,STAB CHAO159
3 ,LAGEUL,KEYEK CHAD160
4 ,QDET CHAO161

LIN=L CHAO163
LAGEULz2 CHAO164
NCYCPR 1 CHAO165
KEY EK 1 CHAO166
TMUDmO. CHAO167
DTMUD=1O.DO CHAO168
TMAX1l00.DO CHAO169
STADx0.5D0 CHAO170
DT=1.D-2 CHAO171
KEYMON 1 CHAO172
GAMA=3.DO+1.D-6 CHAO173
QDETz0.04D0 CHAO174
RATEmo. CHAO175
TEMPCI . DS0 CHAO176
GODELX=16D0 CHAO177
GODELY=20.DO CHAO178
IVERSA,100 CHAO179
UMINzo. CHAO 18 9
UMAX= 1.DO CHAO181
PMINOD. CHAO182
PMAX=O.5D0 CH1A0183
ROMIN=O. CHA 0184
ROMAXz3 .DO CHAO185
SMINO0. CHAO186
SMAX= . 03D0 CHAO187
COLELA=O. CHAG18i

C READ IN CHA 0189
C CHAO190

PRINT IN CHA 0191
c CHAO192

GG=2. DOMGAMA/ (GAMA- . DO) CHAO193
NG:GG CHAO194.

10 CONTINUE CIIA0195
MU2=(GAMA-1 .DO)/(GAMA+1 .DO) CH1AU196
G1:GAMA-1. DO CHAO197
G2=1 .DO-MU2 CHAO198
G3=2.DO/(3.DO~EGAMA-1 .DO) CHAO199
G4=(GAMA+1 .DO )/2. DO CHA0200
G5=O.5DO*E(3.DO)EGAMA-1.DO)/(GAMA+1.DO) CHA0201
G6=(GAMA+1 .DO)/(2.DO*GAMA) CHA 0202.
G7=2.DO/(GAMA-1 .DO) CHA 0203
G8=(GAMA-.l.DO)/(2.D0*GAMA) CHA0204
G9=(GAMA+1 .D0)/(4.DO*GAMA) CHA0205
G1O=1 .1DO/GAMA CHA0206
G11=(GAMA+1 .DO )/4. DO CHA0207
G12=GAMA/CGAMA-'1.D0) CHAO203
G13=0.5DO*CGAMA-3.DO)/(GAMA+1.DO) CHA0209
G14=0.5D03E(3.DO)E3AMA-5.DO)/(GAMA+1.DO) CHA021 0
G15=GAMA*( 3. D0*GAMA- . DO) CHA0211
G16=(GAMA+1 DO)/(2 .DO*(GAMA- . DO)) CHA0212
G17=GAMA+1 .DO CHA0213
G18=GAMA*(GAMA+ . DO )/( 3. DOGAMA- . DO) CHiA02: 4
G19=(3.DO*GAMA-1 .DO)/('3AMA+1 .DO) CHAO215
G20=2. DO*(GAMA- . DO )/C3. DO*GAMA- . DO )*N2 CHA02'L6
G21=GAMA*C3.DO*EGAMA-5.DO)/(3.DO*GAMA-l.DO)3E*2 CHA0217
GODELX=GODELX/2. 54D0 C~A 021 3
GODELY=GODELY/2 .54D0 CHAO219

C CALL NAMPLT(IVERSA) CHAO220
'C CALL LIMIT(1000.DO) CHA0221
C CALL PLOT(O.,O.5D0,-3) CHA0222

PODET=0. CHAO223
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ROODETzA. CHA0224.
PCJDETm0. CHAO225
UCJDET=O. CHA0226
DCJDET=O. CHAO227
RCJDET=O. CHAO228
IFCQDET.LE.O.) 0O TO 100 CHA0229

C DETONATION DATA CHAO230
QDiET80-04DO CHAO231
PODETmO. CHAO232
ROODETl .gD0 CHA0233
PCJDET=PODET-COAMA-l DO)*(-QDET)*ROODET+ CHA0234
1 DSR(CAAlD)QE*ODT*22D*U*AA CHA0235
2 (-QPET)*PODET*ROODET) CHA0236
RCJDETaROODET3E((OAMA+1.DO)3*PCJDET-PODET)/(GAMA*PCJDET) CHA0237
CCJuDSQRT(GAMA3*PCJDET/RCJDET) CHA0238
DCJDET=CCJ3ERCJ DET/ROODET CHA0239
IJCJDETzDCJDET-CCJ CHA 0240
PRINT 101 CHA 0241

101 FORMAT(1Hl,/,lX, 'DETONATION DATA'/) CHAO242
PRINT 102, QDET,GAtlATEMPC;RATE CHAO243

102 FORMAT(/1X,'QDET,GAMA,TEMP,RATE=',4D18.8) CHAO244
PRINT 103, ROODET,PODET CHA0245

103 FORMAT(./lX,'UNBURNED STATE ROODET,PODET=V,ZDl8.8) CHA0246
PRINT 104, DCJDET,PCJDET,RCJDET,UCJDET CHA0247

104 FORMAT(/1X,'CJ POINT DCJDETPCJDET,RCJDET,UCJDET=',4Dl8.8) CHA0248
100 CONTINUE CHA0249

RETURN CHAO250

SUBROUTINE BEGIN JSEG( CHA25
1 (L.,X,U,P,ROG,E,DU,,DP,DRO,DO,DXSI,MIN, CHA0253
2 US,PS,UIDOY,PIDOT, CHA0254

FIMZ,ZMDOT, CHA0255
3 TENAFIRO,FIM,FIE,GIP,VOL,Z,DZ) CHAU256
IMPLICIT REAL*8(A-H,O-Z,$) CHA0257
DIMENSION X(L) ,U(L) ,P(L),RO(L),G(L), E(L), DU(L),DP(L), DRO(L), CHAO258
1 DG(L),DXSI(L),MIN(L), CHA0259
2 US(L),PS(L) ,UIDOT(L),PIDOT(L) CHAO260
3 TrENA(L),FIRO(L),FIMCl),FIE(L) CHAO261
4 ,GIP(L),VOL(L),Z(L),JDZ(L) CHA0262
5 PFIMZ(L),ZMDOT(L) CHA0263
COMMON /AB,,A(5O) CHAO264.
COMMON /GAM/GAMA,NG,MU2!,G1,G2,G3,G4 ,G5,06 ,G7 ,8,G9,GlO,Gl1 CHA0265
1 GI02,Gl3,014,Gl5,01l6,Gl7 ,G18,019,020,G21,G22,G23 CHA0266
2 ,G24,025,G26 .G27,G28,GZ9,.G30,031,032,033,GS4,GS5 CHA0267
REAL*8 NG,MU2 CHA0268
EQUIVALENCE (LL,A(2)) CHA0269
EQUIVALENCE (LAGEUL,A(14)) CHA0270
EQUIVALENCE (UGAL,A(15)) CHAO271
EQUIVALENCE (STABA(18)), (DTBA,A(19)), (DTKOD,A(20)),(KDT,A(21)) CHA0272
COMMON/DETO/QDET,PCJDET,RCJDET,UCJDETDCJDET,PODET,ROODET, CHA0273
I RATE,TEMPC CHA 0274
COMMON "*DRAW/GODEýLX,GO.)ELY,UMIN,Lt'MMX,PMIN,PMAX,ROMIN,ROMAX CHA0275
1 ,XMINXMAXSMIN,SMAX,IVERSA CHA0276
COMMO0M/GIT/ROLIM,TLIM,XoITc200),ROGIT(200),ROUGIT(200),EGIT(2oo) CHA0277
COMMON /GITrN/NPO CHA0278
LOGICAL. CSOF C'AA0279

DTBA=O. CHAO281
DTKOD=O. CHA0282
KDT=0 CHA0283
PU=1 .D-9 CHA0284
RHO0=1 .D-7 CHA0285
UO=UCJ DET CHAO286
UGAL=O. CHA0287
xo~o. CHA0288
X1=50.DO CHA0289
XCHARG=10.DO CHA0290
XMIN=Xo CHAO291
XMA~X=X CHA0292
DX=(Xl-Xo)/( L-'. DO) CHA0293
DO 1 I=2,L CHA0294
X(I)=X0+(I-2.90)*DX CHA0295
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I CONTINUE CHA0296
X(L)aXl CHA0297
UOuUONCROSSC XCHARG) CHA0298
DO 2 Im2,LL CHAO299
IF(I..OT.2) UCI)mUO/CROSS(X(I)) CHA0300
P(I'uP0 CHAO301
RO(I)uRHO0 CHA 0302
Z(I)0o CHAO5030
GO TO (31,32), LAGEUL CHAO304.

31 CONTINUE CHAO305
ECI)uP(I)/((GAMA-l.DO)MROCI))+0.5DOMUCI)MN2+Z(I)MQDET CHA0306
GO TO 30 CHAO307

32 CONTINUE CHAO308
ECI)=F(I)/(GAMA-1 .DO)+0 .5D0RO(I)XU(I)K*2+Z(I)*RO(X)*QDET CHAO309

30 CONTINUE CHAO310
G(I)=DSQRT(GAMA*P(I)*R0( I)) CHAO311

2 CONTINUE CHAO312
DO 3 I=2,11 CHAU313
TENA(I)=R0(I)3(U(I) CHA0314
VOL(I):(X(I+1)-X(I))*(X(I+1)N*2+X(1+1)*X(I)+X(I)*k2)/3.DO CHAO3J 5

3 CONTINUE CHAO316
C CHAO317
C INSERT DETONATED CHARGE FLOW FIELD FROM TAYLOR'S SOLUTION. CHAO318
C CHAO319

CALL TAYLORCOAMA) CHAO.S20
RONORMaRCJ DET CHAO321
RUNORMxRCJ DETxEUCJ DET CHA0322
ENORM=RCJ DET*DCJ DETN*2 CHAU323
XLIM=XGIT(NPO) CHA0324
NOIT=NPO-1 CHA0325
XOlaXLIM CHA0326
XG2mXGIT(HGIT) CHA0327
AROIP =ROGIT (NP0)+ROLIM*XLIM**3/3.DO CHA0328
AROUIP=ROUGIT( NPD) CHA0329
AEIP mEGIT (NPD)+ ELIM*XLIMN3E3/3.DO CHAO330
XP=X(2)/XCMARG CHAO331
DO 100 I=2,LL CHA0332
IP=I+1 CHA 0333
XI=XP CHA0!34
AROI =AROIP CHA0335
AROUI=AROUIP CHA0J336
AEI =AEIP CHA0337
XP=X(IP )/XCHARG CHAO338
IF(DABS(XP- . DO). IT.1. D-10) XP=1 .DO CHA0339
CSOF=(XP.GE.1 .DO) CHA 0340
IF(XP.GE.XLIM) GO TO 101 CHAO341

C UNIFORM FLOW REGION CHA0342
DELVOL=(XLIM-XP)*XLIM*2+XLIMNXP+XP**2)/3. DO CHA0343
AROIP =ROGIT CNPO)+ROLIM3EDELVOL CHA0344
AROUIP=ROUGITC NPO) CHA0345
AEIP =EGIT (NPO)+ ELIMNEDELVOL CHA0346
GO TO 102 CHA0347

101 CONTINUE CHA0348
C NON UNIFORM FLOW REGION. CHA 0349

IF(.NOT.CSOF) 00 TO 104 CHAO350
C LAST POINT. (THIS IS THE DETONATION FRONT POINT X=1). CHAO351

AROIP= 0. CHA0352
AROUIP=O. CHAO353
AEIP= 0. CHAO354
GO TO 102 CHA 0355

104 CONTINUE CHA0356
IF(XP.LE.XG2) GO TO 103 CHA0357
NGIT=NGIT-1 CHAU358
IFCNGIT.LE.0) CALL SOFC'BEGIN 104. NGIT.LE.0.') CHA0359
XG1 =XG2 CHAO360
X02=XGIT( NOIT) CHAO36 1
GO TO 104 CHAO362

103 CONTINUE CHA0363
FRAC=(XP-XG1 )/(XG2-XG1) CH1A0364
IF(FRAC.LT.0. ) CALL SOFC'BEGIN 103. FRAC.LT.0.') CHA0365
IFCFRAC.GT.l.DO) CALL SOF('BEGIN 103. FRAC.GT.1.') CHA0366
AROIP =(1.DO-FRAC)?NROGIT (NGIT+1)+FRAC*ROGIT (NGIT) CHA0367
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AROUIP'(l .DO-FRAC'NROUOITCNOIT+l)eFRACNROUOITCNGIT) CHAO369
LEE? uml.DO-FRAC)NEGIT CNGIT+l)+FRACKEOIT (NOIT) CHAO569

102 CONTINUE CHAO37 0
C COMPUTE MASS, MOMENTUM AND ENERGY DENSITIES. CHAO371I

IF(XP.LE.XLIM) 00 TO 105 CHtAO372
C CONSERVATION-FORM DEFINITION OF MASS, MOMENTUM AND ENERGY DENSITY. CHACS73

DVOLuCXP-XI )MCXPNN2+XPNXI+XIMN2)/3. DO CHAO37 4
RO CI)mRONORMNCAROI - AROIP)/DVOL CHAO.375
TENAC I) mRUNORM*CAROUI-AROUIP)/DVOL CHAO376
E CI)aENORM *CAEI -AEIP)/DVOL CHAO377
GO TO 106 CHAD378

105 CONTINUE CHA0379
C UNIFORM FLOW REGION C11A0380

RD CI)xRONORNMROLIM CHAO381
TENA CI) .. CHA 0382
E (I)xENORM * ELIM CHAO383

106 CONTINUE CHA0384
UCI)uTENA(I)/RO(I) CHAO395
PCX)*CGAMA-1 .DO)*(E(I)-O.SDONROCI)*U(I)MN2) CHAO386
PRINT 111,I,CSOF,U(I),PCI),ROCI),ECI) CHAO387

111 FORMATC/1X,'I,CSOF,U,P,RO,Ea',14,L3,4D14.4) CHAO388
IF(CSOF) GO TO 109 CHAO389

100 CONTINUE CHA 0390
109 CONTINUE CHAO391

DO 4 lu2,LL CHAO392
DXSICI)uCXCI+1)-XCI))*ROCI) CHA0393

4 CONTINUE CHAO594
RETURN CHA 0395
-- D CHAO396

BUROUTINE TAYLORCOAMA) TA .0CHAO397
IMPLICIT REAL*8(A-H,O-Z,$) CHA0398

C CHA0399
C TAYLOR -- SELF SIMILAR SPHERICAL DETONATION (CJ) FLOW FIELD CHA0400
C CHA0401

COMMON /0000/0,01 ,G2,03,G4,05,06,07,08,09,010 CHA0402
COMMON /PAR/RHOO,QO,ROC.J,DCJ,UCJ,PCJ,DPSI,PSIMAX,C0,Uo CHA0403
COMMON /GITN/NPO CHA0404
COMMON/GIT/ROLIM,ELIM,XGIT(200),ROGIT(20O),R0L'GIT(203),EG17(2OO) CH1A0405

GxGAMA CHAO407
PRINT 101 CIA 0408

101 FORMATC'1') CHiA0409
PRINT 110 CHAO410

110 FORMAT(lX,'G. 1. TAYLOR SOLUTION. N,PSI,U,C,X,'AM,AT,AE=Z"/) CHA0411
CALL INIDAT CHA0412
X=1.Do CHA041 3
Yzo. CHA 0414
U~UO CH~A0415
CaC0 CHA 0416
AM=0. CHA0417
AT:-0. CHA 0418
AE:0. CHAO419
PSI=-DLOG(U) CHA0420
DO 1 N1l,NPO CHAO421
XGIT (N)=X CHA0422
ROGIT (N)=AM CHA0423
ROUGIT(N)=AT CHAO424
EGIT (N)=AE CHA0425
PRINT 11, N,PSI,UDCX,AM,AT,AE CHA0426

i1 FORMAT(1X,I4,4D14.5/5X,3Dl4.5) CHA0427
CALL RUNGE(N, PSI,X,C,AM,AT,AE, PSIN,XN,CN,AMN,ATN,AEN) CHA0428
PSI=PSIN CH1A0429
U2DEXP( -PSI) CHA0430
X XN CHA0431
C=CN CHA0432
AM=AMN CHA 0433
AT=ATN CHA0434
AE=AEN CHA0435

1 CONTINUE CHAO436
ROLIM=(C/CO)J*.G3 CHA0437
EL IM:G5K(C/CO )MN44 CHA 0438
AM0=AM+(C/C0)**G3*XH"3/3 .DO CHA0439
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AM~mAM0x3.DOmC041 .DO)/Q CHA 0440
AE~uAE+CGSXN(4,CO)3NO4+0.,5DONI(C/C0)WWG3NUNN2)NXNN3/3.D0 CHA0441
AEOuAEON6 .DON(G+1 ,D0)N(0'AZ-X.DO)/0 CHA0442
PRINT Z2,AMO,AED CHA0445

22 FORMATQ(ý/l/XMASS AND ENERGY CHECK (SHOULD BE 1..)'// CHA0444
IIX, 'MOa')Dl7.6,5X, 'EOx',D17.8//) CHA0445

RETURN CHA0446

IMPLICIT REALX8(A-H,O-Z,O)CH49
COMMON /0(300/0,01,02,03,04, G5,G6,07,08,09,0l0 CHA0450

*COMMON /PAR/RHOO,QO,ROCJ,DCJ,UCJ,PCJ,DPSI,PSIMAX,C0,UO CHA0451
COMMON /OITN/NP0 CHA0452

NPO=200 CHIA0454
PSIMAX41O .DO CHA0455
UO*1 .DO/(G+1 .DO) CHA0456
CPa1.Do-U0 CHA0457
DPSIzPSIMAX/DFLOAT(NPO) CHA0458
G1.0-1. DO CHA0459
G2=01/2.DP CHAO460
G3m2.DO/(0-1 .DO) CHAO46 1
04=2.DO*G/(0-1 .DO) CHA0462
5%05-G'((0+1. D0)*A2*(0-1 .DO)) CHA0463

RETURN CHA0464
___D__RUNGE_ CHADA65

-3U rusO T7NE RUNG EH, PSI ,X,iC,AMAT,AE-,P3XN,XN,CNA.IN,ATNAEN) CHA0466
IMPLICIT REAL*8(A-H,O-Z,$) CHA0467
COMMON /0000/0,01 ,GZ,03,G4,05,G6,07,GS,09,010 CHA0468
COMMON /PAR'RHOO,QO,ROCJ,DCJUCJPCJ,DPSI,PSIMAX,CO,UO CHA0469
COMMON /GITN/NPO CHAO470

H='DPSI CHAO472
H2=H/2.DO CHA0473
H6=H/6 .DO CHAO474.
CALL DERIV(PSIX,C,AM,ATAE, CHA0475

IDXDP1,DCDP1,DMDPIDTDP1,DEPI~P) CHA0476
CALL DERIV(PSI4H2,X+H2MDXDPL PC+iH2*DCDP1 ,AM, AT, AE, CHA0477

1DXDP2,DCDP2,DI1PP2,DTDP2,DEDP2) CHA0478
CALL DERIV(PSI+H2,X+H2MDXDP2,CAH2*DCDP2,AM,AT,AE, CHA0479

1DXDP3,DCDP3,DMDP3,DTDP3,DEDP3) CHA0480
CALL DERIV(PSI+H,X+HXDXDP3,C+H*DCDP3,AM,AT,AE, CHA01481

1DXDPt4,DCDP4,DMDP4,DTDPei,DEDP4) CHA0482
PSIN=PSI+H CHA04~83
XNzX+H6XC DXDPI+2.DO*( DXDP2+DXDP3 )+DXDP4) CHAO'484
CN=C+H6M( DCDPI+2. DOK DCDP2+DCDP3 )+DCDPC.) CHA0485
AMN=AM+H6M( DMDP1+2 .DOMC DMDP2+DMDP3 )+DMDP4) CHAO'486
ATNmAT+H6*(DTDPI+2. DO*(DTDP2+DTDP3)+DTDP4) CHA0487
AEN=AE+H6M(DEDP1+2 .DO3N(DEDP2+DEDP3)+DEDP4) CHA0488
RETURN CHAO'489
END 3)6___91 y'IV CHA__490

5UBROUTINE DERIV(PSI,x,c,M{K,AT,AE,DXDP,DCDP,DMDP,DTDP,DEDP) CHA0491
IMPLiciT REAL*8(A-H,O-Z,$) CHA04~92
COMMON /GGGG/G,O1 ,G2,G3,G4,G5,G6,G7,G8,G9,G1O CHAO493
COMMON /PAR/RHOO,QOROCJ,DCJ,UCJ,PCJ,DPSI,PSIMAX,Cfi,UO CHA0494
COMMON /GITN/NPO CHA0495

U=DEXPC -PSI) CHA0497
DXDP=0. 5DOi*X*(C-U+X)*(C+U-X)/CX3E2 CHAO498
DCDP=-G23EUMCX-U)/C CHA0499
DMDP=-(C/C0 )xG3*X**2*DXDP CHAO500
DTDP=DMDPXU CHA0501
DEiJP:-(G5*(C/ICO)*G4+0.5D03((C/CO)*G3*U*2)*XMX*2*DXDP 0-HAG502
RETURN CHAO503

DOUBLE PRECISION FUNCTION RATIOCX) R~a-i(o CHA0505
IMPLICIT REAL*8(A-H,O-Z,l) CHA0506

RATIO=U. CHA0508
IFCX.LE.1 .D-8)RETURN CHA 0509
RATIO=2. DO/X CHAO510
RETURN CHAO511
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DOUBLE PRECISION FUNCTION CROSSCX cROSS CHAO513
IMPLICIT REALX8(A-H,O-Z,$) CHAO514

C CROSSxI.DO CHAO516
CROSSxX%*2 CHA0517
RETURN CHAO518

END_ _ _ _ _ _ _ _ CHAft519
MMUTT~rINE YUL ~cr CHA0520
1 (L,X,UP,RO,O, E,DU,DP,DRO,DG,DXSI,MIN, CHAO521
2 US,PSUIDOT,PIDOT, CHA0522

FIMZ,ZMDOT, CHAO523
3 TENA,FIRO,FIM,FIEGIP,VOL,Z,DZ) CHAO524
IMPLICIT REAL*8(A-H,O-Z,$) CHA0525
DlMENSJTON X(L),U(L ),P(L),RO(L),G(L),E(L),DU(L),DP(L),DRO(L), CHA0526
1 D0(L),DX5I(L),MIN(L), CHA0527
2 USCL),PS(L),UIDOT(L),PIDOT(L) CHA0528
3 ,TENA(L) ,FIRO(L) ,FIM(L), FIECL) CHA0529
4 GOIP(L),VOL(L),Z(L),DZ(L) CHAO530
5 ,FIMZ(L),ZMDOT'.L) CHAO531
COMMON /AB/A(50) CHA0532
EQUIVALENCE (LL,A(2)), (T,A(3)), (DT,A(4)), (COLELA,A(13)) CHA0533
EQUIVALENCE (KEYEK,A(16)) CHA053fv
EQUIVALENCE (STAB,A(18)), CDTBA,A(19))..(DTKOD,A(20)), (KDT,A(21)) CHAO555
COMMON /GAM/GAMANG,MU2,G1 ,G2,03,G4,G5,G6,07,G8,G9,G1O,GI1 CHA0536
1 , 012,013,G14,G15,G16 ,G17,G18,Gl9,G20, 021,022, 023 CHA0537
2 ,024,025,G26,027,G28,029,030,G31,032,G33,G34,035 CHA0538
REAL*8 NG,MU2 CHA0539
COMMON /TOT/AMTOT, ETOT, EKIOT, EPrTOT, TENTOT CHAO540
COMMON /AZOV/ISAFA,NORIMN,USAF,PSAF,ROSAF,GSAF,ESAF,DPSAF CHA0541
1 ,DXSIL,DXSIR CHA0542
LOGICAL NORIMN CHAO543
COMMON /STEPO/UL,PL,ROL,GL,UR,PR,ROR,GR,USTAR,PSTAR, CHAO544
1 RSTARL,RSTARR,GSTARL,GSTARR, CHA0545
2 CL,CR,CSTARL,CSTARR,SL,SR,WL,WR,UW(6) CHAO546
3 ,LAMDAL,LAMDAR,RATEL,RATER,TEMPL,TEMPR,TEMPSL.TEMPSR CHAO547
4 ~ ZLZR,ZSTARL,ZSTARR,NFL.UX,HELEML,HELEMR CHA0548
REALM8 LAMDAL,LAMDAiR CHA0549
LOGICAL HELEML,HELEMR CH1A0550
COMMON /STEPl/DUIDT,DPIDT,DGIDTL,DGIDTR,DRIDTL,DRIDTR CHAO551
2 ,ASTARL,ASTARR,LAMDSL,LAMDSRDSDAL,DSDAR,DZDAL,DZDAR CHA0552
3 ,RAT,SH CHA0553
4 ,BETACL,BETACR,DSDASL,DSDASRDZDASL,.DZDASR CHAO554
REAL*8 LAMDSL,LAMDSR,DSDALFDSDAR,DZDAL..DZDAR CHA0555
COMMON /GRADS/DUDXIL,DPDXIL,DGDXIL,DRDXIL,DZDXIL,DSDXIL, CHA0556
1 DUDXIRDPDX'IR,DGDXIR,DRDXIR,DZDXIR,DSDXIR CHA0557
COMMON /FI/FIHI,FIH2,FIH3,UXN,PXN,GXN,ROXN,ZXN CHA0558
1 ,GIH CHA0559
2 ,FIH4,ZMDOTL.,ZMDOTR CHA0560
COMMON/DETO/QDETPCJDET,RCJDET,UCJDET,DCJDETPODET,ROODET, CHAO561
1 RATE,TEMPC CHAO562
COMMON/PULS/PRESS(10),PULSE1(10),PIJLSE2(10) ,PULSE3(1O),PULSE4(1O) CHA0563
DATA ERRP/O.DO/ CHA0564
DATA NERRP/0/' CHAO565

C DATA KOTZ/7777777777B/ CHAO566

DT2=DT/2.DO CHA0568
UXN=O. CHA0573
PXN=O. CHAO574
ROX14O. CHA 0575
ZXtN:O. CHAO576
DO I1=I2,L CHA0577
IM=I-1 CHA0578
UXNM=UXN CHA0579
PXNM=PXN CHA0580
ROXNM=ROXN CHA0581
ZXNM=ZXN CHA0582
UL=U( IM)4-0.5DO*DU(IM) CHA0583
PL=P( IM)+0.5DO*DP( IM) CHA0584
ROL=ROC IM)+0.5D0*DROC IM) CHA U585
GL=DSQRT(GAMA3xPLiEROL) CHA0586

*CL=GL/ROL CHAO587
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ZLsZ( IN)+0 5D0NDZ( ZN) CHA0SSC
IF(ZL.OT.1,DC) ZL'1.D0 CNA0589
IF(ZL.LT.0. ) ZL=Cr CNA0590
SL wPL/ (Om01 MROL AMA) CH1A0591
TEMPL UPL/IROL CNA0592
IJRuU(Z)-0.SDOXDU(I) CNA0595
PRwPCJ)-'O.5DOWDP(I) CHAO594
R0RwROtI)-0 .5D0XDROCI) CHAG 595
GRuDSQRT( GAMAKPRxROR) CNA0596
CRuOR/ROR CHAO597
ZR*Z(X)-0 .SD0KDZ.U) CNA0598
IF(ZR.GT.I.DO) ZRuI.DO CIIA0599
XF(ZX.LT.0. ) ZRw0. CNA0600
SRoPR/ CGi MRORW3EOAMA) CNAO601
TEMPRx'PR/ROR CHAO602

C CNA0603
CALL k'(EMANCLI,MIN) CHAO604i

C CHAO6 05
DUDXIL=DUCIM)/DXSI (IM) CHAO606
DPDXILrDP(IM)/DXSIC IM) CHAO6 07
DRDXILuDRO(IM)/DXSI( IM) CHAO6 08
DGDXILu0.Sb0WGLiE(DPDXIL/PL+DRDXIL/ROL) CHA0609
DZDXILuDZ(IM)/DXSIC IN) CHAO610
DSDXILuSL*(DPDX1L/PL-OAMA*DRDXIL/ROL) CHAO611
DUDXIR=DJ I )/DXSI( i) CMA0612
DPDXIRaDP(I )/DXSI(I) CHA0613
DRDXIRxDR0 I )/DXSI (I) CHlA0614.
DGDXIRuO.5DONGRN( DPDXIR/PR+DRDXIR/ROR) CHA0615
DZDXIRaDZ(I )/DXSI(I) CHAD616
DSDXIRUSRMC DPDXIR/PR-OýANA*DRDXIR/ROR) CHAO617
SH=CROSSCX(I)) CHAD618
RATzRATIO(X( I)) CHAO619

C CHA0620
CALL MAGA(L,I,MIN) CHA0621

C CHA0622
US I )=USTAR CHA0623
PS( I )PSTAR CHA0624
UIDOT(I)=DUIDT CHA0625
PIDOT(I)=DPIDT CHA0626

C CHA0627
CALL FLUXE(L,I,MIN) CHA0628

C CHA0629
FIRO(I)=FIHl C!1A0630
FIM (I)=F1H2 CHAO631
FIE (I)=FIH3 CHA0632
FIMZ(I)=FIH4 CHA0633
GIP(I)=OIH CHA0634i
DUC IM)=ULXN-UXNM CHAO6 35
DP( IM) PXN-PXNM CHA0636
DROC IM)=ROXt4-ROXNM CHA0637
DZ( IM)=ZXN-ZXNM CHA0638

C STATIONS OUTPUT CHAO6539
IF((I-42)*(I-62)X(I-82)1W(I-1O2).NE.0) GO TO 1 CHA0640
NPU=0 CH'4O641
IF(I.EQ.42) N?U1l CHAO64.2
IF(I.EQ.62) NPUZ2 CHAO6 43
IF(I.EQ.82) NPU=3 CHA06'44
IF(I .EQ.102)NPU=4 CHA064~5
IF(NPU.EQ.O) CALL SQF('FLUXE 90. NPU.EQ.0') CHA0646
PRESS(NPU)=GIH+FIH2 ChA06's7
PULSEl CNPU)=PULSE1 (NPU)+DT*EGIH CHA0648
PULSE2(NPU) =PULSE2(NPU)+DTNCGIH+FIH2) CHA0649
PULSE3(NPU)=PULSE3(NPU)+DT*FIH13ECROSS(X(I)) CEAO650
PULSE'i(NPU)=PULSE'i(NPU)+DT*FIH2ACROSS(X(I)) CHA0651

1 CONTINUE CHA065Z
C CHA0653

AMTOT=O. CHA0654
ETOT=O. CHA0655
EKTOT=O. CHA0656
EPTOT=0. CHA0657
TENTOT=G. CHA0658
FII2FIRO(2) CHA0659
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F12=FIPI (2) CHAO660
FX5.FIk (2) CHAO66 1
F142FINZ(2) CHA0662
GI2sOIP(2) Ct1A0663
SHoCROSS(X(2)) CHA0664
DO 2 lu2,1.L CHA0665
IPNI~l CHAO666
FIMInFIX CHA0667
FlM2mFI2 CHA0668
FINMuFIS CHA0669
FIM4uFI4 CH1A0670
GIM2%GXZ C"AS367l
SHMuSH CHA0672
F~llFIRO( IP) CHA0673
F12=FIM CIP) CHA0674.
FIS=FIE CUP) CHA0675
FI4PFIMZCIP) CHA0676
012uOIP (IP) CHA0677
SHUCROSSZX(IP)) CHA 0678
DYOLUVOLCI) CHA0679
ROOLD=ROC I) CHA0680
POLDwP(l) CHA0681
EOLDxECI) CHA 0682
UOLD=UCI) CHA0683
ZOLDuZCI) CHAO614
Z!(ODMuZOL D*ROOL D CHA0645
TOLDsPGLD/ROOLD CHA0i63
DXGXCXP)-X( I) CHA0687
DTVOL uDT/ DVOI. CHA0688

c CHA0689
ROCI)zROCI)-DTVOIJE(SHAFIl-SHM*FIMl) CH9A0690
TENACI)sTENAC.I)-LITVOLM(SH*FI2-SHM*FIM2)-(DT/,DX)*C012-GIM2) CHA0691
ECI )uECI)-DTVOLMCSHMFj3-SHM*FIM3) CHA0692
UCI )UTENA(I)/RO(I) CHA0693
Z(I)u(ZKODM-DTVOL*(SH*FI4-SHrl*FIM4))/RO(I) CHA0694.
IFC(ZI).GT.l.DO) Z(I)=1.DO CHA0695
IF(Z(I) .LT.O.) ZCI)=O. CHA0696

C CHA0697
UAV=U(I) CHA0698
ROAV=RO( I) CHA0699
EP=E:CI)-0 .5DO*ROAV3EUAVN3E2 CHA0700
IF(EP.GT.0.) GO TO 291 CHA0701
N ERRP I NERRP+ i CHA0702
ERRP=ERRFP+(1 .0-3-EP)xDVOL CHAO7O3
IF(ERRP.GT.O.24U00 GO TO 291 CHA0704'
EP=1.D-8 CHAO705

291 CONTINUE CHAO7'J6
IF(EP.LE.O.) GO TO 7001 CIHA0707
P(I )=G1*IEP CHAO7 08
G(I)=DSQIRT(GAMA3EP(I)*RO(I)) CHAU7O9

C CHA0710
UPC=DABS(I(l ) )+G(I)/RO(I) CHAOM1
DTI=S7iAB*DX/UPC CHAO712
IF(DTI.GT.DTBA) 00 Tn) 29 CHA0I713
DTBA=DTI CHAO714
KDT =1 CHA0715

29 CONTINUE CHAO7 16

ETGTvETOT+E( I)*EDVOL CHA0718
EPTOT=EPTOT+EP*DVOiL CHAO719
AMTOT=AMTEJ'r+,R( I )*DVOL CMA0720
TENT0T=TEN~iJT-,TENA( I )3DVOL CHA0721

2 CONTINUE CHAD722
EKTOT=ETOT-EPTO C CHA0723

C CHA0724
IF(COLELA.eQ.0.) GO TO 200 CH1A0725
CALL DCULJLL,X,U ,DU ,MINI) CHA0726
-,ALL DCOLE(L,X,P,DP,MIN,2) CHA0727
CALL DCULE(L,X.RO,DRO,MIN,3) CHA0728
CALL DCCLE(L,X,Z,DZ,MIN,4) CHA0729

200 CON4TINUE CHAO730
CALL BDOKI(L,X,.U ,DU ,MIN,1) CHAO731
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CALL BDOKlCL,XPPDP:MIN,2) CHAG?752
CALL BDOKlCL,XRO Ppolmim..S) CHAO7533
CALL lOOKl(L,X,ZAbZritlo4) CHA07 54
PRINT 901,(NN,PRESSAN4),PULSElIt4N),PULSE2CNN), CHA0735
1 PULSE5(NN)'ANTOT,PULSE4CNN)/TENTOT,NN=1,4) CHAO736

901 FORNATClX,2C'/',13,5D!1.3, 'I')/) CHA0737
JF(DABS(T-A(5)).LT.1.D-6) PRINT 911,NERRP,ERRP CHAO758

911 FORMATC//lX, 'NERRP,ERRP*',I5,Dl5.5/) CHA0739
RETURN CHA0740

7001 CONTINUE CHAO741
PRINT 7101, IrROAV,UAV,DROCI),DUCI),E(I),EP,ZNEW,ZNE-I4l.DO,EPI CHAD742

*7101 FORMATC//1X,'FROM CYCEUL. NEGATIVE EP. IN CELL Iu',I6// CHA0743
1 IX,'ROAV,UAV,DRO(I),DUCI)u',4D18.8// CHAO744
2 1X,'E(I),EP,ZNEW,ZNEH-lEPIs',5D14.6//) CHAO745
CALL PRINT CHAO7 46
I 1 L,X,U,P,RO,G,E,DU,DP,DRO,DG,DXSI,MIH, CH1AO747
2 U3,PS,UIDOTPIDOT, CHAO7 48
X FIMZ,ZMDOT, CHAO7 49
5 TENA,FIRO,FIM,FIE,OIP,VOLZ,DZ) CHAO750
CALL SOF(CYCEUL 7001, NEGATIVE EPI) CHAO751
RETURN CHA0752
E NDCH72
3unRuuUINE SAFAE 4 E CM75

I CLX,U,P,RO,G,E,DU,DP,DRO,DO,DXSI,MIN, CHA0755
2 US,PS,UIDOT,PIDOT, CHAO756
m FIMZ,ZMDOT, CHAO7 57
3 TENA,FIRO,FIM,FIE,GIP,VOL,Z,DZ) CHA0758
IMPLICIT REAL*8(A-H,O-Zp$) CHAD7 59
DIMENSION X(L),UCL),P(L),RO(L),GCL),E(L),DU(I.),DP(L),IDRO(L), CHAO760
1 DG(L),DX5I(L),MIN(L), CHA0761
2 US(L),PSCL),UYDOT(L),PIDOT(L) CHAO762
5 ,TENA(L),FIRO(.L),FIM(L),FIE(L) CHAO1763
4 ,GIP(L),VOLCL),Z(L),DZ(L) CHA0764
5 ,FIMZ(L),ZMDOI'(L) CHA0765
COMMON /AB/A(50) CHA0766
EQUIVALENCE (LL,A(2)), (T,A(3)),(DT,A.()),(NCYC,A(12)) CHA0767
EQUIVALENCE (UGAL,A(15)) CHA0768
COMMON /GAM/GAMA,NG,MUZ,01,G2,G3,G4,G5,G6,G7,G8,G9,G10,G11 CHA0769
1 ,G12,Gl3,GI4,Gl5rGl6,Gl7,Gl8,019,G20,G21,G22,G023 CHAO770
2 0O24,025,(326,G27,023,329,G30,G31,G32,033,034,035 CHAO771
REAL3E8 NG,MU2 CHA0772
COMMON/DETO/QDET,PCJDET,RCJDET,UCJDET,DCJDET,PODET,ROODF.T, CHA0773
1 RATE,TEMPC CHA0774~
COMMON/DIFFUS/U2P P2, R02,ARW CHA0775

C CHA0777
C- RIGID B.C. AT I=2 CHA0778
C CHA0779

U(1)=-U(2) CHA0780
P(1)=P(Z) CHAO781
00(1)ZO(2) CHAO782
ROC 1)=RO(2) CHA0783
Z(1.)zZ(2) CHA 0184'
DU(1)=DU(2) CHA0785
DP(1)=-DP(2) CHA0786
DG(1)=-D0*2) CHA0787
DRO( 1 )=-tRO(2) CHA0788
DXSI(1J)J)XSIC2) CHA 0789

C CHA0790
C OUTFLOW B.C. AT I=L CHA0791
C CHA0792

IJ(L)='J(LL)+DtJ(LL )/ . DO CHA0793
P(L):xP(LL )+DPCLL)/2 .DO CHA0794~
RO(L)=RO(LL)+DRO(LL)/2.DO CHA0795
G(L)0G(LL)-DG(LL )/2 .DO CHA0796
Z(L)=Z(LL)+ DZ(LL)/2 .DO CHA0797
DU(L)=O. CHA 07 '98
DP(L)=O. CHA0799

* DG(L)=0. CHAO800
DRO(L)=Q. CHA0801
DZAL)=0O CHAO802
DXSI(L)=0XSI(LL) CHAO803
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C CHAOSO4

RETURN CHAO805

IMPLUICIT REALK8CA-,X-,V,*) NNV ~~ CHAO8O8
DIMPLISION RAX8(L),CL,DV(L,MI) CHAO8O9
COMMNSON /ADAC5),(,DCMNL CHAO8lO
EQUIVALNC (LLA(S2))CEONAl CHAO810
COMMOALNC /DAWODLX,GODELYMIN,MAXPINPMXROINROA CHAO811
1OMO /DA ,OEXMI,XMAL,SMINSUMAXIVERSAOMN,~tA CHAOS12
COMO XMINNXMSAX4,SMNl ),SMAXIVERS CHAO8l4
1OMO /MMIT NASAC4),NMON(4),NMONR(6),NNZ) CHAO815
DMNI O NM NV(4, )NON(),MNR4),MNZ CHA 0816
EQIVAENCEO (NMONVC1,1) NMUl) CHA0816
EQIVAENSIO (NMENVC4) ,NOU() CHAO817
DATASIO NAMV/U''P'.'OZ CHA0819
DATA HAEP/1.D-9 ,'OItZ/ CHA 0820
DAT 1P/.-/ H0
0O TO (1,2,3,4), NV CHA0822

I AMZDAs(UMAX-UMIt4JNM2 CHAO825
GO TO 9 CHA0824

2 AMIDA=(PMAX-PMIN)**2 CHA0825
GO TO 9 CHAO826

3 AMIDA=CROMAX-ROMIN)**2 CHA0827
GO TO 9 CHAD828

4 AMIDAm.] DO CHA0829
GO TO 9 CHAO830

9 CONTINUE CHAO831
AMI DAmAMI DA3EEPS**2 CHA0832
LP4'ADSQRT(AMI DA) CHAO833
DO 29 1*2,LL C11A083'.
ICATuO CHA0835
IF(DABS(DV(I)).LE.EPSA) DV(I)=O. CHA0836
IF(DV(I).EQ.0.) GO TO 29 CHAO837
VLEFT=V(I)-O .5DO*DV(I) CHA0838
VRIGHT=V(1)40. 5DOxDV( I) CHA0839
VM~V( I-) CHAO840
VP=V(I+1) CHAO84u1
SIGN=(VP-V(I) )*(V(I)-VM) CHA0842
IFCSION.GT.-AMIDA) 00 TO 22 CHA0843

21 DVCI)0O. CHAO8i44
ICAT~l CHA0845
GO TO 20 CHA0846

22 CONTINUE CHA0847
SIGN2(VP-VM)*EDV(I) CHA0848
IFCSIGN.GT.-AMIDA) 0O TO 24 CHA0849

23 DV(I)=0.5DO*(VP-VM) CHAO850
VLEFT=V(I)-0.5DO3EDV(I) CHAO851
VRIGHT=V( I)+0 .5DO3EDVCI) CH1A0852
I CAT=2 CHA0853

24~ SIGN:(VLEFT-VM)*DV(I) CHA 0854
IFCSIGN.GT.-AMIDA) GO TO 26 CHA0855

25 VLEFT=VM CHA0856
VRIGHT=2.DO*VCI )-VLEFT CHA0857
DV I)=VRIGHT-VLEFT CHA0858
ICAT=3 CHAO859

26 SIGN=(VP-VRIGHT)xDV(I) CHAO860
IF CSIGN.GT.-AMIDA) GO TO 28 CHAO861

27 VRIGHT=VF CHA0862
VLEFT=2. D03V( I)-VRIGHT CHAO863
DV( I) =VRIGI1T-VLEFT CHA0864
ICAT=3 C A 0865

28 IF(DABS(DV(I)).LE.0.5D00DABS(VP-VM)) GO TO 31 CHA0866
30 DV(I)=0.5D0)ECVP-VM) CHA0867

ICAT=4 CHA0868
31 CONTINUE CHA0869
20 CONTINUE CHAO870

IF (DABS(DV(I)).GT.EPSA) GO TO 40 CHAO871
DV(I)=0. CHAO872

40 CONTINUE CHA0873
IF (ICAT.GT.0) NMONV(ICAT,NV)=NMONV(ICAT,NV)+1 CHA0874

29 CONTINUE 40CHA0877
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RETURN CHA0878
CHAflA79

SUBROUTINE DCOLECLX,V,DV,MIN,NV) KO ECHA0880
IMPLICIT REALNG(A-HoO-Z,*) CHAO681
DIMENSION XCL).V(L),DVCL),MINCL) CMAO882
COMMON /AB/A(5O) CHA0885
EQUIVALENCE CLLA(2)) CHAO884

DO 1 I=2,LL CHA0886
IMUI-1 CMA0887
IPEI*1 CHAOS888
DVCI)zO.5DO*CVCIP)-V(IM)) CHA0889

I CONTINUE CHA0890
RETURN CHAO891
END CHAO892
SUBROUTINE PRINT V-HAU393
1CL,X,U,P,ROG,E,DU,DP,DRO,.DG,DXSI,MIN, PIN T CHAO894

2 US,PS,UIDOTPIDOT, C11AO895
NFIMZ,ZMDOT, CHA0896

3 TENA,FIROFIM,FIE,GIPVOLZ,DZ) CHA0897
IMPLICIT REAL*8(A-H,O-Z,$) CHAO898
DIMENSION XCL),U(L),P(L),RO(L),G(L),ECL),DU(L),DP(L)oDRO(L), CHA0899

1 DGCL),DXSI(L),MINCL), CHA0900
2 USCL),PSCL),UIDOTCL),PIDOT(L) CHA0901
5 ,TENACL),FIROCL),FlMCL),FIE(L) CHA0902
4 ,GIPCL),VOL(L),ZCL),DZCL) CHAO903
5 ,FIMZCL)oZMDOT(L) CHA0904
COMMON /TOT/AMTOT, ETOT, EKTOT, EPTOT, TENTOT CHA0905
COMMON /STEPO/UL,PL,ROL,GL,UR,PRROR,GR,USTAR,PSTAR, CHA0906
1 RSTARLRSTARR, OSTARI, OSTARR, CHA0907
2 CL ,CR,CSTARL ,CSTARR, SI,SR,WLNR, UWC6) CHA0908
3 ,LAMDAL,LAMDARRATEL,RATER,TEMPL,TEMPR,TEMPSL,TEMPSR CHAO909
4 ,ZLtZR,ZSTARL,ZSTARR,NFLUX,HELEMLHELEMR CHA0910
REAL*8 LAMDAL ,LANDAR CHA0911
LOGICAL HELEMLJ.HELEMR CHA 0912
COMMON /AB/A(50) CHAO913
EQUIVALENCE (LL,A(2)),(T,A(3)),(NCYCA(12)),CDT,AC4)) CHA0914
EQUIVALENCE (UGAL,A(15)) CHA0915

C COMMON/DIFFUS/U2,PZ,R02,ARW CHAO916
COMMON/DETO/QDET,PCJDETRC.JDET,UCJDET,DCJDETPODET,ROODET, CHAO917
I RATETEMPC CHA0918
COMMON /OAM/OAMA,NG,MU2,G1,G2,03,G'4,05,G6,G7 ,G8,G9,G1J,G11 CHAO919
1 ,012,013,Gl4,015,016,G17,Gl8,Gl9,020,G21, G22,023 CHAO920
2 0G24,025,026,027,G28,029,GSO,GS1,032,G33,GS4,035 CHAO921
REAL*8 NG,MU2 CHA0922
COMMON /MONIT/CASEAV('i),NCIL4(4),NF16(6), CHA0923
1 NMONU(4),NMONP(4),NMONRO(cI),NMONZ(4) CHA0924
DIMENSION CASAVIC'.) CHA 0925
LOGICAL FULLIPR CHA0926

FULLPR . TRUE. CHA0928
PRINT 1 CHA0929

I FORMAT(1H1) CHA 0930
PRINT 2, TDT,NCYC CHA0931

2 FORMAT(1X,10X,'RESULTS AT T=',Dl1.5,5X,'DT=',D11.5,5X,'NCYC=', CHA0932
1 IS//) CHA0933
PRINT 3, AMTOT,ETOT,EKTOT,EPTOT,TENTOT CHAO934

3 FORMAT1lX,'AMTO'r=',D20.14,2X,'E-9OT,EKTOT,EPTOT=w,3D22.14/ CHA0935
1 IX,'TENTOT=I,D21.1C.//) CHA0936

'4 FORMAT(1X,' I',' X I', U ',' P ', CHA0937
1 RD I', a 91 z CHA0938
2 DU I', DP '' DRO ',CHA0939

3 1 DO I',' DZ') CHA 094'0
4'. FORMAT(1X,' I',' "I' us PS CHAO94.1
* 1 1 ZMDOT I', FIMZ ''AMDOT ', CHAO942

2 ' AMDOTN ',1 TEMP Vol ENTALP ', CHA0943
3 ' AMACH "I ENTRO ') CHAO944

5 FORMATC1X) CHAO945
*IF (UGAL.NE.O.) PRINT 6, UGAL CHA 0946
6 FORMAT(/11XrINITIAL VELOCITY CORRESPONDS TO UGAL=',D15,6/) CHA0947

DO 10 I=1,L CHA0948
IF (MOD(I,10).NE.1) GO TO 11 CHA0949
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PRINT 5 CHAO950
PRINT 4 CHA0951
PRINT 44 CHA 0952
PRINT 5 CHA0953

11 CONTINUE CHA0954
PRINT 12,IoXCI),UCI,),P(I),ROCI),.GCI),Z(I),DU(I),.DP(I),.DROCI), CHA0955
1 DOCI),DZCI) CHA0956

12 FORNATC1X,15,6D12.5,5D11.4) CHA0957
ENTROoPC I )RO( I )NxGAMA CHA0959
IF(.NOT.FULLPR) 0O TO 151 CHA0959
IF(U.EQ.1) 0O TO 131 CHA0960
IMMI-1 CHAO961
ULwUC IN)*O. 5XDU( IN) CIHA0962
PLoP(IM)4O. 53DPCIM) CHA0963
ROLzROC IM)+ . 5*DROC IN) CHA0964
OL=GC IN)+O.5MDO( IN) CHA0965
CLGIL/ROL CHA0966
ZL=ZC IN)+O SNDZC IN) CHA0967
IF(ZL.LT.O.) ZLuO. CHA0968
URzUUI)-0.5*DU(I) CHA0969
PR=P(I)-0.5*DPCI) CHA0970
GR=GCI)-O.5*DOCI) CHAO971
RORmROCI)-0 .SIDROCI) CHA0972
CRzGR/ROR CHA0973
ZR=ZC I)-0 .5*DZCI) CHA0974
IF(ZR.LT.O.) ZROC. CHA0975
IFCPL.LE.0.) PL21.D-8 C11A0976
IF(PR.LE.0.) PR=1.D-8 CHA0977
CALL RIEMANCLI,NIN) CHA0978
XIwXCI) CHA0987
RSTAR=RSTARL CHA0989
IFCUSTAR.LT.C.) RSTARxRSTARR CHA0989
ZSTAR=ZL CHA0990
IFCUSTAR.LT.O.) ZSTARUZR CHAO991
AMACHzUSTAR/DSQRT CGAMA*PSTAR/RSTAR) CHA0992
AMDOT=RSTAR*USTAR*CROSS(XI) CHA0993
IF(I.NE.2) 0O TO 132 CHA 0994
AMDOTO=AMDOT CHA0995
IF(DABSCAMDOTO) .LT.1.D-12) AMDOTO=1.DO CRA0996

132 CONTINUE CHA0997
AMDOTNxAMDOT/AMDOT 0 CHA0998
ENTALP=(GAMA/(GAMA-1 DO))*PSTAR/RSTAR+O .5DO*USTARMN2+QDET*ZSTAR CHA0999
ARW=1.DO CHA1000
TEMP=PSTAR/ CRSTARNARH) CHA1001
PRINT 13,US(I),PS(I), CHA1002
1 ZMDOTCI),FIMZ(I),AMDOTS.AMDOTN,TENP,ENTALP,AMACH,ENTRO CHA1003

13 FORMAT(4X,12X,5Dl2.5,6D11.4) CiIA1004
131 CONTINUE CHA1005
10 CONTINUE CHA1006
C JOB STATISTICS CHA1OO7

DO 40 I=1,4 CHA1008
CASAV1(I)0O. CHA1009
IF CNC14(I).NEO0) CASAV1CI)=CASEAV(I)/DFLOAT(NC14(I)) CHA1010

40 CONTINUE CHAlG11
PRINT 30 CHA1012

30 FORMAT(///lX,1O('*'),.3X,'JOB STATISTICS',3X,10('A')//) CHA1013
PRINT 31,(NC14(II=1,4) CHA1014

31 FORMAT(1X,'NO. OF VARIOUS CASES IN RIEMAN SOLVER NC14CNCASE)',, CHA1015
14110) CHA1016

PRINT 301, (CASAV1(I),Izl.,4) CHA1017
301 FORMAT(/1X,'AVERAGE NUMBER OF ITERATIONS IN RIEMAN SOLVER', CHA1018

1 iX,' CASAV1(NCASE)'1,4(F6.2,4X)) CHA1019
PRINT 32,(NF16(I),I=1,6) CHA1020

32 FORMAT(/IX,'NO. OF VARIOUS FLUX CASES NF16(NFLUX)=',6110) CHA1021
ICATO=4 CHA1.022
PRINT 35,(NMONU(I),I=1,ICATO), (NMONPCI),I=1,ICATO), CHA1023
1 (NMONRO(I),I=1,ICATO), (NMONZCI), 1:1, ICATO) CHA1024

33 FORMAT(/1X,'NO. OF MONOTONICITY INTERVENTIONS FOR EACH VAR.', CHA1025
1 1XIN EACH CATEGORY.'i* CHA1 026
1 1X,'NMONU (ICAT)'1,4I10/ CHA1027
1 1X,.NMONP (ICAT)'1,4I10/ CHAl1028
1 1X,INMONRO(ICAT)'1,4110/ CHA1029
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1 lX,'NMONZ (ICAT)=',4I0/) CHA1O3O
RETURN CHA1031

-END- OWN03

SUBROUTINE SOF(ZSTOP) SoCHA14
IMPLICIT REALx8(A-H,O-Z,$) CHA1035
DIMENSION ISTOP(l) CHA1036
PRINT 1, ISTOP CHAL037
FORMAT(//lX,3H*,*X,2OA4,3X,3H*NW///) CHA1038
PRINT 1 CHA1039
XX%-1.DO CHA1O40
YY=DSQRT(XX) CHA1041
STOP CHA1042
END ,,
SUBROUTINE RIEMAN(L,I,MIN) 91EMXN CMA1i10
IMPLICIT REALN8(A-H,O-Z,$) CHA1511
DIMENSION MIN(L) CHA1312
COMMON /STEPO/UL,PL,ROL,GL,UR,PR,ROR,GR,USTAR,PSTAR, CHA13i3

1 RSTARL,RSTARR,GSTARL,OSTARR, CHA1314
2 CLCR,CSTARLCSTARR,SL,SR,HL,NR,UH(6) CHA1315
3 ,LAMDAL,LAMDAR,RATEL,RATER,TEMPL,TEMPR,TEMPSL,TEMPSR CHA1316
4 ,ZL,ZR,ZSTARL,ZSTARRNFLUX,HELEML,HELEMR CHA1317

REAL*8 LAMDAL;LAMDAR CHA1318
LOGICAL HELEML,HELErR CHA13l9
COMMON /STEP1/DUIDT,DPIDT,DOIDTL,DOIDTR,DRIDTL,DRIDTR CHA1320

2 kASTARL,ASTARR,LAMDSL,LAMDSR,DSDAL,DSDAR,DZDAL..DZDAR CHA121
3 ,RAT,SH CHA1322
4 ,BETACL,BETACR,DSDASL,DSDASR,DZDASLDZDASR CHA1323

REAL*8 LAMDSL,LAMDSR,DSDAL,DSDAR,DZDAL,DZDAR CHA1324
COMMON /DRAN/OODELX,GODELfUMIN,UMAX,PMIN,PMAX,ROMINROMAX CHA1325

1 ,XMIN,XMAX,SMIN,SMAXIVERSA CHA1326
COMMON ,'GAM/GAMA,NG,MU2,G1,G2,G3,G4,05,G6,07,08,09,GlO,G11 CHA1327

1 ,012,G13,014,015,G16,G17,018,019,GZO,021,G22,G23 CHA1328
2 ,024,G25,G26,027,028,G29,030,GS1,G3Z,G33,G04,G35 CHA1329

REAL*8 NG,MU2 CHA1330
COMMON /AB/A(50) CHA1331
COMMON /MONIT/CASEAV(4),NC14(4),NF16(6), CHA1332
1 NMONU(4),NMONP(4),NMONRO(4),NMONZ(4) CHA1333

DATA NMAX/63/ CHA1335
DATA EPS/I.D-8/ CHA1336
DATA NTRY/O/ CHA1337

UW(6)=1.D20 CHA1339
WL=O. CHA1340
WRmO. CHA1341
ZETAL=rL**G8 CHA1342
ZETAR=PR**G8 CHA1343
CLG=CL/GAMA CHA1364
CRG=CR/GAMA CHA1345
ZSTARL=ZL CHA1346
ZSTARR=ZR CHA1347
IF (ZETAL.LT.ZETAR) GO TO 102 CHA1348

C LEFT PRESSURE IS HIGHER CHA1349
101 CONTINUE CHA1350

EVERR=(PL-PR)/PR CHA1351
USR=UR+CRG*EVERR/DSQRT(1.DO+G6*EVERR) CHA1352
SRR=USR CHA1353
UEL=UL-G7*CL*(ZETAR-ZETAL)/ZETAL CHA1354
SLL=UEL CHA1355
NL=2 CHA1356
NR=2 CHA1357
IF (USR.GE.UL) NL=I CHA1358
IF (UEI..LE.UR) NR=1 CHA1359
IF (DABS(EVERR).LT.EPS) GO TO 100 CHA1360
IF (NL.EQ.2.AND.NR.EQ.1) GO TO 7001 CHA1361
GO TO 100 CHA1362

C RIGHT PRESSURE IS HIGHER CHA1363
102 CONTINUE CHA1364

EVERL=(PR-PL)/PL CHA1365
USL=UL-CLG*EVERL/DSQRT(l.DO+G6)EVERL) CHA1366
SLL=USL CHA1367
UER=UR+GOACR*(ZETAL-ZETAR)/ZETAR CHA1366
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SRRvUER CHA1369
NLz2 CHA1370

N~r.2CHA1371
IF CUER.UE.UL) NLUI CHA 1372
IF CUSL.L;;.UR) NR1l CHA1373
IF (DABS(EVERL).LT.EPS) GO0 TO 100 CHA1374
IF (NL.EQ.1.ANI..NR.EQ.Z) GO TO 7001 CHA1375
00 TO 100 CHA1376

10(U CONTINUE CIIA1377
IF (NL.EQ.1.AND.NR.EQ.2) NCASE~l CHA1378
IF (NL.EQ.2.AND.NR.EQ.2) NCASE=2 CHA 1379
IF (ML.EQ.2.AND.NR.EQ.1) NCASE=3 CHA1.380
IF (NL.EQ.1.AND.NR.EQ.1) NCASE=4 CHA1381
IF(DABS(Pt,-PR)+DAhS(UL-UR).LT.EPS3E(PMAX-UMIN)) NCASE=4 CHA1382
UMEDA:EPSXDMAX1 (CL ,CR) CHA1383
DUDZLx-G7mCL/ZETAL CHA1384
DUDZR= 073CR/ZETAR CHA1385
ZETA=(-(UR-UL)+ZETAR3EDUDZR-ZETALXDUDZL)/(DUDZR-DUDZL) CHA1386
IF (ZET.A.LE.0.) GO TO 7002 CHA1337
N=O CHA1388
GO TO (1,2,3,4), NCASE CHA1389

C THE CASE ES CHA1390
1 ITYPE=NCASE CHA1391

HELEML . FALSE. CHA 1392
HELEMR= .TRUE. CHA1393

11 N=N+1 CHA1394
IF (N.GT.NMAX) GO TO 7003 CHA1395
ZETAF=ZETA CHA1396
UEL:UL-G7KCL*(ZETAF-ZETAL )/ZETAL CHA1397
PPRz(ZETAF/ZETAR)K*NG CHA1398
EVERR=PPR-i .DO CHA1399
SQRR=DSQRI'C1 .DO4,G6*EVERR) CHA1400
USR:UR+CRG3EEV ERR/SQRR CHA1401
DiJ:UEL-USR CHA 1402
IF (DABS(DU'.LE.UMIDA) 0O TO 10 CHA1403
DU')ZR=NGNCRG(PPR/ZETAF)'*(1.DO+G9*EVERR)/SQRR~m3 CHA1404
ZETA=ZETAF+DU/(CDUDZR-DUDZL) CHA 1405
GO TO 11 CHA1406

10 CONTINUE CHA1407
LJSTAR=C UEL+USR)/2 .DO CIIA1408
IF(DABS(USTAR).LT.EPS3EUMAX) USTAR=O. CHA1409
PSTAR=PPR*PR CHA1410
CSTARL =CL+( UL-USTAR)/G7 CHA1411
RSTARL=OAMA*EPSTAR/CSTARLX*2 CHA1~412
3STARL=CSTARL *RSTARL CHA 1413

C EQU. NO. 69.01 OF THE BOOK BY COURANT-FRIEDRICHS. CHA1414
WWR=G11DECUSTAR-UR)3EROR CHA141.5
WR=WkWR+DSQRTC GRX*2+WWR*O2) CHA1416
RSTARR=RORXENR/CWR-ROR3E(UZýTAR-UR)) CHA1417
GSTARR=DSQRT(GAM4A3PSTAR3ERSTARR) CHA1418
CSTARR=GSTARR/RSTARR CHA1419
WRE=WR/Rr)R+UR CHA1420
UW(1)=UL-CL CHA1421
UWC 2) =USTAR-CSTAP.L CHA1422
IJWC3) =USTAR CHA1423
UW( 4)=WRE CHA1424
UW(5)=WRE CHA1425
GO TO 5 CHA1426

C THE CASE SS CHA1427
2 ITYPS-=NCASE CHA 1428

HELEML=.TRUE. CHA1429
HELEMR= .TRUE. CHA1430

21 N=N+1 CHA1431
IF CN.GTNMAX' GO TO 7003 CHA1432
ZETAF=ZETA CHA1433
PF=ZETAF**NG CHA1434
PPL =PF/PL CHA1435
PPR=PF/PR CHA1436
EVERL=PPL- . DO CHA1437
EVERR=PPR- . DO CHA1438
SQRL rDSQRT(1. DO+G6*EVERL) CHA1439
SQRR=DSQRT 1. D0+G6*EEVERR) CHA1440
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USLwUL-CLG*EVERL/SQRL CHA1441
USRoUR4CftGNEVERR/SQRR CHA1442
DUwUSL-USR CHA1443
IF (DABS(DU).LE.UMIDA) 0O TO 20 CHA1444
DUDZLu-NGNCLOM(PPL/ZETAF)*(l .DO+G9*EVERL)/SQRLrn%3 CHA1445
DUDZR= NO*CRG*CPPk/ZETAF)M(1 .DO+G9*EVERR)/SQRRXX(3 CHA1446
ZETANZETAF4DU/ CDUDZR-DUDZL) CHA1447
GO TO 21 CHA1448

20 CONTrINUE CHA1449
USTAR*(IJSL+USR)/i2.DO CHA1 450
IF(DABSCUSTAP.),LT.lEPS*UNAX) USTAR=0. CHA1451
P3TARu(PPLKPL4PPR*PR)/2.DO CHA1452
MNRsO1 I NCUSTAR-UR) NROR CHA1453
WR=WHR+DSQRT CGRN3EZ+HHRIE2) CHA 1454
HMLz-G113E(USTAR-UL )IROL CHA1455~
WL=WWL+DSQRTCOLX*2+WWL**2) CHA1456
RSTARLuROL*HL/CHL+ROLJI(USTAR-UL)) CHA1 457
RSTARRuROR*WR/ CHR-RORN( USTAR-UR)) CHA1458
OSTARL:DSQRT(OAMA*PSTAR*RSTARL) CHA1459
GSTARRaDSQRT(C AMA*PSTAR*RSTARR) CHA1460
CSTARLOGSTARL/RS TARL CMAI461
CSTARRaOSTARR/RSTARR CHA1462
WL Eu-+L/ROL+UL CHA1465
I4REwWR/POR+Uk CRA1464
UHC1)uWLE CHA1465
UWC2)uWLE CHA1466
UNC 3) WUSTAR CHA1467
UWC4)=WRE CHA1468
UWC5)zHRE CHA1469
GO TO 5 CHA1470

C THE CASE SE CHA1471
3 ITYPEuNCASE CHA1472

HELEMLu .TRUE. CHA1473
HELEMRU .FALSE. CHA1474

31 N=N+1 CHA1475
IF (N.GT.NMAX) GO TO 7003 CHA1476
ZETAF=ZETA CHA1477
UER=UR+G7 *CR*( ZETAF-ZETAR)/ZETAR CHA1478
PP1.zCZETAF/ZETAL )**3NG CHA14.79
EVERL=PPL-1 DO CHA1480
SQRLzDSQRT(1 .DO+G6*EVERL) CHA1481
USL=UL-CLGNEVERL/SQRL CHA1482
DU=USL-UER CH1A1483
IF (DAPS(DU).LE.UMIDA) 0O TO 30 CHA1484
DUDZL=-NG3ECLGN(PPL/ZETAF)x(1 .DO+G93EEVERL)/SQRL3EN3 CHA1485
ZETA=ZETAF+DU/(CDUDZR-DUDZL) CHA1486
GO TO 31 CHA1487

30 CONTINUE CHA1488
USTAR=(USL+IJER)/2. DO CHA 1489
IF(DABS(USTAR).LT.EPSXUMAX) USTAR=O. CHA1490
PSTAR2PPL*PL CHA1491
CSTARR=CR-( UR-USTAR)/07 CHA1492
RSTARR=GAMA*EPSTAR/CSTARR**2 CHA1493
OS TA RR=CsTAR R*RSTA RR CHA1494
WWL=-G11*(USTAR-UL )3ROL CHA1495
HLm4W1L+DSQRT( GLN3E2+WWL**2) CHA1496
WI E-WL/ROL+JL CHA1497
RSTARL=ROL3EWL/ýWL+ROL3ECUS1TAR-UL)) CHA1498
GSTARL=DSQRTCGAMAiEPSTAR3ERSTARL) CHA1499
CSTARL=GSTARL/ RSTARL CHA1500
UW(1)=WLE CHA1501
UW(2)=WLE C11A1502
UW( 3) ZUSTAR CHA1503
UH( 4) =USTAR+CSTARR CHA1504
UH(5) -UR+CR CHA1505
GO TO 5 Ci1A1506

C THE CASE EE CHA1507
4 ITYPE=NCASE CH41508

HELEML=.FALSE. CH1A1509
HELEMR=.FALSE. CHA1510
PSTAR=ZETAN*NG CHA1511
USTAR=UL-G7)ECLM(LETA-ZETAL )/ZETAL CHA1512

45



FILE# CHAROEP FORTRAN Al

IFCDABS(USTAR) .LT.EPSNUMAX) USTAR8O. CHAIS13
CSTARLECL+CUL-USTAR)/G7 CHA1514
CSTARRmCR-C UR-USTAR)#07 CHA1515
RSTARL UOAMANPSTAR/CSTARL WN2 CHA1516
RSTARRxGAMA*PSTAR/CSTARRNE2 CIA 1517
OSTARI DRSTARLNCSTARL CHA1518
GSTARRzRSTARR*CSTARR CHA1519
0WC 1)zUL-CL CHA1520
U4( 2) uUSTAR-CSTARL CHA 1521
UUC 3)uUSTAR CHA1522
UNC 4) USýAR+CSTARR CHA1523
UN(5)zUR+CR CHA1524
Na1 CHA1525
GO TO 5 CHA1526

5 CONTINUE CHA1 527
DO 6 Kal,6 CHA1528
NFL UXzK CHA1529
IF (U14(K).GE.O.) GO TO 61 CHA1530

6 CONTINUE CHA 1551
NFLUXw6 CHA1552

61 CONTINUE CHA1533
NC14(NCASE)uNC14(NCASE)+l CHA1537
CASEAV(NCASE) zCASEAV(NCASE)+DFLOAT( N) CHAI538
NF16(NFLUX) uNF16(NFLUX)+1 CHA1 539
IF(NTRY.Cf.200O TO 666 CHA1540
IF(I.NE.2.AND.I.NE.L) GO TO 666 CHA1541
PRINT 667,I,NFLUX,NCASE,PL,UL,ROL,PR,UR,ROR,USTAR,PSTAR,RSTARL, CHA1542
1 RSTARR,(KK,UH(KK),KK=1,6) CHA1543

667 FORMAT(/1X,'I,NFLUX,NCASE=',315/1X, 'PL,ULROL,PR,UR,ROR=',6D1Z.4/ CiNA1544
1 iX, 'USTAR,PSTAR,RSTARL,RSTARR=',4D13.4/ CHA1545
2 1X,'KK,UWCKK)'1,6(I4,2X,D13.4)/) CHA1546
NTRY=NTRY+1 CHA1547

666 CONTINUE CNA1548
RETURN CHA1549

7001 CONTINUE CHA1550
PRINT 7101, PLUL,PR,UR,ZETAL,ZETAR,SLL,SRR,NL,NR,I CHA1551

7101 FORIIAT(//1X,'FROM RIEM'AN. AN IMPOSSIBLE CASE OF EXPANSION/SHOCK' CHA1352
1 //1X,vPL,UL,PR,UR=',4D25.1'i,/ CHA1553
2 1X,'ZETAL,ZETAR,SLL,SRR=',4D25.14// CHA1554
3 1X,'NL,NR.I=',3110//) CHA1555
CALL SOF('7001v) CHA1556

7002 CONTINUE CHA1557
PRINT 7102, ZETA,nUDZL,DUD7.R,ZETAL,ZETAR,PL,UL,PR,UR,N,NCASE,I CHA1558

7102 FORMAT(//1X,'FROM RIEMAN. NEGATIVE PRESSURE AT THE INTERSECTION',CHA1559
1 1X,'OF L AND R EXPANSION BRANCHESW/ CHA1560
2 1X,'IT MEANS THAT A CAVITATION TENDS TO FORM. THIS', CHA1561
3 1XPOSSIBILITY IS EXCLUDED IN PRESENT VERSION'// CHA1562
4 iX, 'ZETA,DUT)ZL,DUrCZR.ZETAL,ZETAR,PL,UL,PR,UR=',9DIo.3// CHA1563
5 1X,'N,NCASE,I=',3IlO//) CHA1564s
CALL SOF('7002') CHA1565

7003 CONTINUE CHA1566
PRINI 17103, I,NNCASE,DU,UMIDA, EPS, PL,UL,PR,UR, CHA1567
1 ZETAZETAF,ZEITAL,ZETAR,DUDZL,DUDZR CHA1568

7103 FORMAT(//1X,'FROM RIEMAN. NUMBER OF ITERATIONS EXCEEDED.'// CHA1569
1 1X,'I,N,NCASEDU,UMIDAEPS=',3I6,3D18.6// CHA1570
2 1X,'PLUL,PR.UR,ZETA,ZFETAF=w,6D18.1O,, CHA1571
3 IX,'ZE'TAL,ZETAk,DIJDZL,DUDZR=f,4Dl8.1O,,) CHA1572
CALL SOFC'7003') CHA1573
RETURN CHA1574
END CHA1575

C$OPTION .8i.LIST._________ ____________________-CHA1526._____
SUBROUTINE MAGA(L,I,MIN) MAG tr CHA1577
IMPLICIT REAL*8(A-H,O-Z,$) CHA1578
DIMENSION MIN(L) CHA1579
COMMON /GAM/GAMA,NG,MU2,G1 ,G2,G3,04,G5,G6 ,G7,G8,G9,G10.G11 CHA1580
1 ,Gl2,G13,Gl4,G15,G16,017,Gl18,Gl9,G20,G21,G22,G23 CHA1581
2 ,G24,G25,G26,.G27,G28,G29,G30 ,G31,G32,G33,G34,035 CHA1582
REAL*&8 NGMU2 CHA1583
COMMON/DETO/QDET,PCJDET,RCJDEr,UCJDET,DCJDET,PODET,ROODET, CHA1584~
1 RATE,TEMPC CHA1585
COMMON /STEPO/UL,PL,ROL,GL,LIR,PR,ROR,GR,tJSTAR,PSTAR, CHA1586
1 RSTARL, RSTARR,GSTARL, GSTARR, CHA1587
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2 CL,CR,CSTARLPCSTARRPSL,SR,NLWRPUH:6) CHA1588
5 ,LAMDAL,LAMDAR,RATEL,RATER,TFMPL,TEMPRTEMPSL,TEMP-SR CHA1589
4 ,ZL,ZRZS1'ARL,ZSTARR,NFLUX, HELEML, HELEMR CHA1590
REALK8 LAMDAL, LAMDAR CHAJ 591
LOGICAL HELEML,HELEMR CHA1592
COMMON /STEPl/DUIDT,DPIDT,DGIDTL,DGIDTR,DRIDTL,DRIDTR CHA1595
2 ,ASTARL,ASTARR,LAMDSL,LAMDSR,DSDAL,DSDAR,DZDAL,DZDAR CHA1594
3 ,RATSH CHA1595
4 BDETACL,BETACR,DSDASL,DSDASR,DZDASL,DZDASR CHA1596
REALX8 LAMDSL,LAMDSR,DSDALDSDAR,DZDALDZDAR CHA1597
COMMON /GRADS/DUDXIL,DPDXIL,DODXIL,DRDXIL,DZDXIL,VSDXIL, CHA1598
1 DUDXIR,DPDXIRDGDXIR,DRDXIR,DZDXIR,DSDXIR CKA1599
COMMON /AB/AC50) CHA1600
REALM3 LU,LP,LROLLAMDA CHA1601
DATA EPS/1.D-6/ CHA1602

C K N ~ N~ M K ~ W M ~ H A 103
C WE HERE SOLVE FOR THE TIME-DERIVATIVES ALONG THE CONTACT SURFACE, CHA16O4
C NAMELY DUIDT,DPIDT. FROM THESE HE ALSO OBTAIN THE (GTHER CHA1635
C TIME-DERIVATIVES (SEE COMMON /STEPI/). CHA1666
C WE COMPUTE THE COEFFICIENTS FOR TWO EQUATIONS FUR DUIDT,DPIDT. THESECHA1607
C ARE AAL*DUIDT+BBL*DPID'TDDL CHA1608
C AARXDUIDT+BBRNDPIDT=DDR CI'A1609

IF(SH. LE.EPS)RAT=O. CHA1611
C CHA1612
C LEFT SIDE OF CONTACT CHA1613
C CHA16 14

IF C.NOT.HELEML) GO0 TO 12 CHA1615
11 CONTINUE CHA16,16

C LEFT SHOCK CHA1617
DPUPSTAR-PL CHA1618
DU:USTAR-UL CHA1619
Z2=0.5D0/t PSTAR+MU2*PL) CHiA1620
LU=DWECO .5DONROL+MU2*EZ2*GLM3E2)-GLE*2/WL-WL CHA1621
LRO=-0.5DO3*DP/ROL CHA1622
LPz-2.DO-MU2NZ23mUP CHA1623
AAL=2.DO-Z23EDP CHA1624I
BBL=Z2*DU+WL/GSTARLX*2+1 .DO/WL CHA1625
DDL=t.U3DUDXIL+LRO3EDRDXIL+LP*OD~fXIL CHA1626
DDL =DDL -WL*USTrAR3RAT/RSTARL CHA1627
1 +U*AX-AAP.W+U(f'M*L(U)Z+.D) CHA1628
GO TO 10 CHA1629

12 CONTINUE CHA1630
C LEFT RA~REFACTION CHA1631

A1=DUDXIL+DPDXIL/GL CHA163Z2
BETA=GSTARL/CL CHA1633
SQB=DSQRT( BETA) CHA1634
ASTARL=Al-CCL/(G15I(SL))*DSDXIL*(BETAw3EG5-1.D0) CHA1635
AAL=1.DO CHA1636
BBL=1.DO/GSTARL CHA1637
DDL=-GSTARL)'ASTARL/SQB CHA16.38
DSDAL=DSDXIL CHA1639
DZDAL=DZDXIL CHA1640
DSDASL=DSDXIL3*SQB CHA 1641
DZDASL=DZDXILxESQB CHA164*2
GEOM=RAT3E((GAMA-1 .DO)*UL+2.DO3*CL)* CHA1643
1 (BETA*"*G13-1.DO)/(ROL3*(GAMA-3.DO)) CHA164'4
1 -4D*AXL(EA*l-.D)(OX3D*AA5D) CHA1645
ASTARL =ASTARL -GEOM CHA1646
EVER1= GSTARL*GEOM/SQB CHA1647
EVERZ=-RATiAUSTAR*CSTARL CHA1648
DDL =DDt +EVER1+EVER2 CHA1649
GO TO 10 CHiA1650

10 CONTINUE CHA1651
C CHA 16 52

C RIGHT SIDE OF CONTACT CHA1653
C CHA1654

IF (.NOT.HELEMR) GO TO 22 CHA1655
21 CONTINUE CHA1656
C RIGHT SHOCK CHA1657

DP=PSTAR-PR CHA1658
DU=USTAR-UR CHA1659
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Z28 .5D0/CPSTAR+MU2WPR) CHA1660
LUuDtIM( .0. DOROR+MU2NZ2IIORNW2)+ORKE2/HR+HR CHA1661
LROU-0 SOM50DP/ROR CHA1662
Lr'U-2.0O-HU2mZ2*DP CHA1665
AASRA2.DO,-Z2*DP CHA16641
&3RmZ2*DU-WR/OSlARRx*2-1 DO/MlR CHA1665
DDRuL UNDUDXIR+LRO*DRDXIR+LP*DPDXIR CHA1666
b0R*DDR+WRmUSTAR*RATeRSTARR CHA1667
I +UR*RAT*COAMA*PR/WR+DU*CGAMA3IPRxMU2*Z20.0 D0)) CHA1668
00 TO 20 CHA1669

22 CONTINUE CHA1670
C RIGHT RAREFACTION CHA1671

Al uDUDXIR-DPDXIR/GR CH1A1672
BETAOGSTARR/GR CHA1673
SQI'DSQRT( BETA) CHA1674
ASTARRUA1+CCR,(G',5ESR))*DSDXIR*(BETA**O5-1.DO) CHA1675
AARU1.D0 CHA1676
DBRS-l.DO/GSTARR CHA 1677
0DRuOSTARR*ASTARR/SQB CHA1678
DSDAReDSDXIR CHA 1679
DZDARmDZDXI R CI1A168C
DSDASR=DSDXIRKSQD CHA1631
DZDASRuDZDXIR*SQB CHA 1682
OEOMaRAT*(-COA!IA-1.DO)KUR+2.DONCR)*(IETAKWO15-l.DO) CHA1683
1 /CRORM(OAMA-S.DO)) CHA1684
2 -4 .DO*RAT*CRIE(BETA**014-1 .DO)/(ROR*(3.D0MOAMA-S.DG)) CHA1685
ASTARRwASTARR+OEOM CHA1686
EVERI SGSTARRNGEOM/SQB CHA1687
EVER2*RATOUSTAR*CSTARR CHA1688
DDR=DDR+EVER1+EVER2 CHA1689
0O TO 20 CHA1690

20 CONTINUE CHA1691
DETUAAL MSBR-AARNBBL CHA1692
DUIDTuCDDL*BBR-DDRNBBL )/DET CHA1693
DPIDTu-C DDL*AAR-DDR*AAL )/DET CHA1694
DRIDTLaDPIDT/CSTARLKJEZ CHA 1695
DRIDTRaDPIDT/CSTARRx*2 CHA1696
RETURN CHA 1697
g ND ________________ CHA1698
5UBRRUTINE FLUMMTTTIfIT FL((-CIA1699
IMPLICIT REAL*E8(A-H,O-Z,$) FLUCHA] !OO
DIMENSION MIN(L) CIIA1701
COMMON /AB/A(50) CHA1702
EQUIVALENCE (DT,A(4)),(NCYC,A(12)) CHA1793
COMMON /GAI'VGAMA,NG,MU2,G1,G?, G3,G4,G5,G6,G7,G8,G9,G1O,G11 CHA1706
I 0G12,G13,Gl4,GI5,016 ,Gl7 ,018,GI9,020,021,022,0G23 CHA1705
2 ,G24,--25,G26,G27,028,G29,G30,G31,032,G33,G34,C35 CHA1706
REAUE8 NG,MU2 CHA17 07
COMMON /GRADS/,OUDXIL,DPDXIL,DGDXIL,DRDXIL,DZDXIL,DSDXIL, CHA1708
1 DUDXIR,DPDXIR,DGDXIR,DRDXIR,DZDXIR,DSDXIR CHA1709
COMMON /STEPO/ULPLROL,GL,UR,PR.ROR,GR,USTAR,PSTAR, CHA1710

1 RSTARL, RSTARR, GSTARL ,GSTARR, CHA17/Il
2 CLCRCSTARL,CSTARR, SL ,SR,NL,WR,UH(6) CHA1712
3 ,LAMDAL,LAMDAR,RATEL,RATERTEMPL,TEMPR,TEMPSL,TEMPSR CHA1713
4 ,ZLZR,ZSTARLZSTARR, NFLUX,HELEM4L, HELEMR CHA1714
REAL08 LAMDAL,LAMDAR CHA1715
LOGICAL HELEMLHELEMR CHA1716
COMMON /STEPI/DUIDT,DPIDT,DGIDTL,DGIDTR,DRIDTL,DRIDrR CHA1717
2 ,ASTARL,ASTARR,LAMDSL,LAMDSR,DSDAL,DSDAR,DZDAL,DZDAR CHA1718
3 ,RAT,SH CHA1719
4 ,DETACL,BETACRDSDASL,DSDASRDZDASLDZDASR CHA1720
REAL*8 LAMDSL,LAMDSRDSDALDSDARDZDAL,.DZDAR CHA1721
COMMON/DETO/QDET,PCJDET,RCJDET,UCJDET,rcJDET,PODET,ROODET, CHA1722
1 RATE,TF.MPC CHA1723
COMMON /FI/FIH1,FIH2,FYIH3,UXN,PXN,GXN,ROXIJ,ZXN CHA1724
1 ,GIH CHA1725
2 ,FIH4,ZMDOTLZMD01'R CHA1726
REAL*8 LAMDAO CHA1727

C RO,UP,Z AND THEIR (XI,T) DERIVATIVES AT EULERIAN POINT X=X(I). CHA1729

DT~zDT/2.DO CHA1731
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00 TO C1s2,o54,5,o6),NFLUX CHA1732
I CONTINUE CMAX733

C CHA1734I
C NFLUX41. LINE 0.O IS TO THE LErr OF LtFTr WAVE. CHA1755
C CHA1736

UXxUL CHA1737
PX'aPL CHA1738
ROXmROL CH41739
ZXxZI. CHA1740O
OXuOL CIA17f,1
DUDXIXwDUDXIL CHA1742
DPDXIX*DPDXIL CHA1743
DRDXIXuDRDXIL CHA1744
DZDXIXuDZDXIL CHA1745
DUDTX=-DPDXI L CHA1746
DRODTX*-ROLlIN29DUDXIL CKA1747
DPDTX=-GLKMN2DUDXI L CHA17486
DRODTXuDRODT)X-RATNROLNUL CHIA174V
DPDTXs DRODTXXCLVOE2 ClIA1750
DZDTXxO. CI1A1751
G0 TO 9 CHA1752

6 CONTINUE CHA1753
C CRA1754
C NFLUX=6. LINE XuO 15 TO THES RIGHT OF RIGHT WAVE. Ct'A1755
C CI1A1756

UXuUR CHA1757
PXuPkt CHA1753
ROXjROR CHA1759
ZX =ZR CHA1760
GXX'GR CHA1761
DUDXIXzDUDXIR CHA 1762
DPDXIX=DPDXIR CHA1763
DRDXIXuDRDXIR CI1A1764
DZDXIXzDZDXIR CHA1765
DUDTX=-DPDXIR CHA1766
DPDYX~--GwmE2wD)'DXIR CHA1767
DRODTXxs(OR**2mDUDXIR CHA1768
DRODTX=DR0UTX-RATX(RORNUR CHAI/69
DPDTX=DRC DTX3ECRx3N2 CHA1770
DZOTX=0. CHA1771
GO TO 9 CHA1772

^2 CONTINUE CHA1773
C CHA1774

C NFIUXz2. SONIC CASE (LEFT). CHA1775
c ChA1776

BETAO=(f1UZE(UL/CL+G7) )*X(1.DO/MU2) CHAI7 77
SQDO:DSQRT( BETAD) CHA1778
A1=DUDXIL+DPDXIL/GL CI1A1779
A0zAl-(CL/CGl5*SL))*EDSDXIL*(BETAOW(C5-1.DO) CHA1780
EVER1=-C(GAMA-l.DO)3XUL+Z.DOWCL)*(BETAO**G13-l.DO)/(GAMA-5.00) CHA1781
EVER2=4.DO3ECLx(BETA0M3*G14-l.DO)/(3.D0xGAMA-5.DO) CHA1782
EVER=(EVER1+EVER2)*ERAT/ROL CHA1.783
AO=(AOI+EVER) CIOA1784
DPDAX:GUEBETAO3EAO CTHA1785
CO=MUZWC UL+G7*CL) CHA1786
IFCO.LT.0.) CALL SOFC'FLUXE 2. CO NEGJPTIVE.') CHA1787
UX=CO CH A1788
POX2GLXBETAO,'CO CHA1789
ZX=ZL CHA1790
PX=RDX*CO**2/GAMA Z-HA1791
GX=RO XNC 0 CHA1792
DPDAX=DPDAX+RAT*UX3*CO*SQBO CHA 1793
DUDBX=-CL*BETAO0*(- . DO/G4)/G4 CHA 1794
DPDBX=L*BETAO**NU2/G6 CHA~.1793
DRODBX=RDL*BETAO**(-MU2)/G4 CHA1796
DSDAX=SQBO*D$DAL CHA1797
DZDAX=SQB0OEDZDAL CHA1798
DRODAX=DPDAX/C0**2-CROX/(GAMA*SL) )XDSDAX CHA1799
DUDAX=AO CHA 18d00
DGDAX=(,. 5DO*GAMA*(PX*DRODAX+ROXMDPDAX)/GX CHA1801
GO TO 9 CHA1l0

5 CONTINUE CHA1803
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C CNA1304
C NFLLIXu5. SONIC CASE (RIGHT). CNA1805
C rH4A1806

BETAOuCMU2x(C-UR/CR+07)1NN(1 .DC/MU2) CNA1807
SQIOxDSQRTC *ETAO) CHA1808
Al aDUDXIR-DPDXIR/OR CDIA18O9
A~uA1+CCR/CO15NSR1)KDSDXIRN(DIETAO**0E5-1.DO) CHA18lO
EVERlA(-(OAMA-l.DO)*UR,2.DONCfl)*(BCTAO**0l3-1.Ei0),ý(GAMA-3.DO) CHAI81l
EVER2u-4.DONCRNCRETAO~bG14-l.DO)/(3.D0K3AMA--5.DO) CHA1812
EVERx( EVERl+EVER2)mRATso'ROR CHA1813
AOuCAO4F.VER) CHA1814
DPDAX=-GR*DETAOMAO CHA1815
COxMU2XE(-UR+07XCR) CHA1816
IF(CO.LT.0.) CALL SOF('FLUXE 5. CG NEGATIVE.') CHA18171
UXx-Ca CHA1818
ROX.GRNDETAO/CO CHA1319
ZXuZR CHIA1320
PXu RO)(CO**2/OAMA CHAIS21
GXROX*C0 CHA1822
DPDAXUDPDAX-RATKLJXNCOMDSQRTC BETAO) CHA 1823
DUDfXxCR*BETAOK'X(-1 .DO/04)/G4 CHAIS24
DPDBXsPR*BETAO,(NMUZ/06 CMA1825
DRODDXaROR*BETAOMN( -MU2 )/G4 CHA 1826
DSDAXuSQBO*DSDAR CHA1327
DZDAXwSQBO*D7?DAR CHAIS28
DRODAXnDPDAX/CO**2-CROX/(OAMA3(SR) )*DSDAX CHAIX29
DUDAXwAO CHA 1830
DGDAXw .5D0NUAMAN(PX*DRODAX+ROX*DPDAX)/OX CHA 1831
00 TO 9 CHA 1832

5 CONTINUE CHA1633
C CH41834
C NFLUXx3. LINE X'AO IS BETWEEN THE LEFT WAVE AND THE CONTACT. CIIA1835
C CHA1836

UXZUSTAR CMA1837
PX=PSTAR CHA183t1
ROX=RSTARL CHA1839
ZX=ZL CHAI1 C40
c3X=GSTARL CHA1341
DUDXIX=-DPIDT/GSTARLmx32 CHA 1842
DPDXIX=-DUIDT C.9A1843
DUDXIX=DUDX:X-RAT*U'STAR/RSTARL CHA18 41
DZDXIX=DLDXIL CHAi845
DZDTXOD. CHAA 46
IF (.NOT.HELEML) 0O TO 52 CHiAla47

31 CONTINUE 74AI1848
C LEFT SHOCK. CHA1849

DRXX(RTR/L xm3DO)NDUIDT CHA1850
1 DPIDTAC1l.DO+S.DO*(CWL/GSTARL)**E2)/14L CHtA1851

2 +DUDXIL*WL*((GL/WL)**2+3.DO)+3.D0xDPOXIL CHAla52
3 +DflDXlL*I'IL/R0L)*Ex2) CHA1,853
EVR=LRTýLm*A*(G/L*21D)(DXL CHA1854
EVER2=2.D0*RsrARL3EUSTAR*RAT/HIL CHAIS55
DfRDXIX=DRDXIX+EVER1+EVER2 CHAL~856
DRODTX=-DUDXIX~qOX**2 CHA1857
GO TO 33 CHA1858

32 CONTINUE CHA2,839
BETA=GSTARL/GL CHA1860
SQB=DSQRT( BETA) CHA1861
DPDA=ASTARIJEGSTARL CHA1862
DPDA=GSTARL2(CASTARL+RAT*USTAR3ECSTARL/(GL3E SQB)) CHA1363
041=1.DO/G4+0 .5Dý CHA1864
DRODA=(DRDXIL-DPDXIL/(CIJECL)) 3EBETA*3(041+DPDA/'(C5TARLX*2) CHA1865
DRDXIX= DRODA/SQB+DPIDT/(GSTARL*CSTARL*EN2) CHA1866
DRODA=DPDA/CSTARLA*32-(RSTARL/(GAMA3ESL))A4DSDASL CHA1867
DROD'rx=-DUDXIX3*ROX**2 CHA1868
DRDXIX:DRODA/SQB+DRODTXGSTARL CHA1869

33 CONTINUE CHA187 U
DUDTX=DUI DT CMA1871
DPDTX=DPIDT CHA1872
GO TO 9 rHAI ;73

4 CONTINUE CHA1374
C CHA 1815
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C NFLUXA4, LE 0.0 IS ME1&EEM IWE CONTACT AND THE RIOHT WAVE. Ch4A18'6
C CHA1877

9PDXIXw-91"lDT CH.4lS78
ux'"USrAk CHA1879
PX*PSTAR CH4A1860
R0XsA5TARR CHAlA8l
ZX'ZR CHAIMS
GXvGSTARR CHAI b85
bUDXIXXV-0PI DT/QSTARftXX2 CHAIS64'
DqJDXIX.uDUDXI*-RATmUSTAfR$RTARR CHAl85
OPOXIX*-DUIDT CHA1866
DZDXIX=DZDXIL CHA1837
DZDTX=O. CHA168*
IF C.HOf.HELEMR) 00 1TO 42 ChA18~9

41 C0O4TINUE CHA 1890
C RIGHT SWOCX( CHA!391

DRX~(R AR/MNTw3.DUIDTr CHA1S92
1 -DPIDTWC1 .D0+3.DONU.WR/OSTARR)NW2)/WR CHA1895
2 -DUDXIR*HRlKC(OR/WR)*N2.3.DO)+5.DOI*DPDXIR CHA1894

+DRDXIR*(NR/ROft)**2) CHA18'Q5
EV2RI1MARSTARRNZ2KRATI((0RHR)**Z+1 .DO)/RCKRMWR) CHA1896
EVER2vI2 D0KIRS7ARRIEUSTARXRAT/WR CHA1897
DRD~lXm0KDAIX,* E'ERl-EVER2 CHA1698
DRODTX-.-DUDXlXAROXx*2 CHAi8~9
00 TO 43 CHA1900

42 CONTINUE CHA 1901
C RIGHT RAREFACTION CHA1902

BETAmt3STARrt/OR CHA1905
SQB*DSQRT(BETA) CHA1904
DPPAm -ASTARRNOSTARR CHA1905

O41=1.DQO/4+Q .5D0 CHA1907
DR0DAu(DRDXIR-DPDXIR/(CR*CR)) 3EDETAK*041+DPDA/tCSTARR3EA2) CHA'903
DROXIX= DR0DA/SQB-DPIDT/(GaTARR9ECSTARR~k2) CHA1909
DRODAn'OPfA/C5TARR*02-(RSTARR/(GAt'A3E5R )3UD:DASR CHA1910
DRtGDTX=-DUDXI XmROkx*2 CHA1911
DRDXIX=DR0DA/SQB-DRGDTX/GSTARR CHiA1912

43 CONTINUE CHA 1913
DUDTX=DUIflT CHA1914.
DPDTX=DPIDT CHA191 5
301 TO 9 CHA1916

9 'O0NTINUE CHA 1917

C FLUXES CENTERED AT TIME T(N+1/2) AT EUý.ERIAN POINT X=XU), CHA1919

7I luROX*UX CHA1921

F12=FI2-P'X CHA1923
F13=UX3(k~l2*PX+0 .5DOA~ROX*UXNY~2) CHA192dý
F14=ZX3ROXEUX CHA1925
F13=013+QDET*~F14 CHA1926
P.OUOO=ROEUv CHA1927
GO TO(10,20,30,40,50,60), NFLUX CH1A1928

10 CONTINUE CHA1929
60 CONTINUE CHA 1930

DFBXI 1=DRLXIXxU~X+ROX3EDUDXIX CHA1931
DFDXIZ=DRDXIX*UXX32+2.D0,Rk)X*UXXDUDXIX+D'ýDXTX CHA1932
DFDXI2=DFDXI2-IJPDXIX CHA193.S
DFDXI3:DUDXIX3E(G123EPX+O 5DO*EROXXUX3OEZ) CHA1934
1 +UX3E(012*DPDXIX+C .5D0YDRDXIX*UXNN2+ROX*UXXDUDXIX) CHA1935
DFDXI4=ZX)XDFDXI 1+ROX*3eUXDZDXIX CHA1936
DFDXI3=DFDXI 3+QJ)ETxDý DXI4 CINA1937
DFIDT1=DR0DTrx*IJX+ROX;(EDUDTX CXA 1938
DPIDT2=DRODTXWUX*2+2.J3*ROXXUXADUDTX+OPDTX CHA1939
DFID72=DIFIDT2~-DPDTX CHA1940
DFIDT3LDUDTX3E(012*PX+0 5D0~iR0XxUXA2) CHA 1941
1 +I'X*(G12*DPUTX: 0 5ODOTXUX?+O*U*U- CHA1942
DFI')T4ý-'ZX3DFI fT1+ROX*ZX)EDZD"TX CHA1''34
DFlDT53I3FIDT3+QDETi*DFIDT4 CHA1944
FIn1OT1:=-ROU00*DFDXI1+DFIDTI CHA1945
FIrDOT2=-ROU0OO*DFDXI2+DFIDr? CHA1946
FIDOT3=-ROUOO*DFDXI 3+DF1 DT 3 CHA1947
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FIDUT4u-ROUOOWDFDXI1+DFI Dr4 CiHAl94
UXDOTm-RGiUC ONUDXJX+DUDTX CHAl 49
PXDOTm-90QOONIJPDXIX+DPDTX CHA19SU
ROXDOTw--ROU0 0NDRDXEI*IDRODTX C A 1751
ZXDOTu-RnIU60ODZDXIX+DZDTX CIIM 952
F1143 FI1ID12MFIDOT1 CHA1953
PIN2UFI2tDVT2WFIDoTZ C11A'954
OI~uPX+DT2WNPXDO r CJ1A1955
FXN5uFIS4LYZNFI LOTS CHA1956
FIH4'F14+DT2XPID01 4 CNAi9S7
UXNeUX+DTMJJXDOT CHA1V5d
PXN.PX4DTIEPXDOT CHA1959
ROXNmR0XtDT'EROXDOT CHA1960
ZXNVZX+DTNZXDOT' CHA1961
IF(ZXN.LT.0.) ZXNEO. CHAI962
00 TO 90 CHA1965S

20 CONTINUE CHA2964~
EV0xGLND5QRT(BET'A0) CHA1965

201 CONTINUE CHA1966
DPI DAl UDRODAXmUX+ROXNDUDAX CHA1967
DPI DA2UDRODAX*UXMN2+2 .DONROXMUXNDUDAX+DPDAX CHA196S
DFI DAZDFIDAZ-DPMAX CHA1969
DFIDASaDUDAXW(Oi2WPX+O.5DONROXKUXUN*2) C11A1971I

I +UYlZCO4X?)DPDAX+O.5DCWDRODAXNUXMN2+R0XMUXNWJDAX) CH1A1971
DPIDA4vZXNDFI DA1+ROXxUXNDZDAX C14A1972
r!DOT1U-EvONDFJDA1 H17
FZ 0OT~u-EV0W9FlIDAZ CHA1974
FIDOT5U-EVOXDFIDA3 CHrA1975
FIDOT4=-EVOJEOFIDA4 CHAl976
FTH1wFI1 4DT2xFI~t3Tl CHA1977
FIH2%FI2+DT2NFIDUT2CH17
FIHS'FIS+DTZ?3FIDOTS CHA1979
FIH4xPI4+Dr2*FI!)fnT4 CHA1980
GA=OGDAX CHA1981
IF(NFl.UX 0EQ.5)0Am-CA e;HAI982
DROUASUXMDIUJDAX+ROXMDUDAX CNA1983
BETAPR=O.5DONDSQRT(BETAOHI(GUA-UROUA) CHA1984
FIHZ=FIHZ-DPDBXJI5ETAPRNDTZ CHA1985
'JXDOT=-EVO*DUbAX+BeTAPRhtDtD!X CHA1986
PXDOTh!.-EVO*DPDAX+LETrAPR)tJPDBX CHA1987
GII*PX+DI'2WPXDOT CHA1988
ROXDOT:-EVO9EUROflAX+BETAPRNDRODBX CHA1989
ZXDJT=-EVO3EDZDAX CHA199O
UXNUX+DTMIJXD0T C'1A1991
PXN:PX+DTMPXDOT CHA1992
ROXNUROX+DT3EROXCO1 CHA 1993
ZXN=ZX+DT3EROXDOT' CHA1994
iFCZXN.LT.0.) ZXN=O. CHA1995
GO TO 90 0HA1996

50 CONVlNUE CHAi997
EVOZ-GRmDSQRT(C ETAO) C.IA 1998
GO TO 201 CHA1999

303 CONTINUE CHA2000
40 CONTINUE CHA2001

GO TO 60 0H42002
90 COHTINUE CIAA2003

RETURN CHA 2004
END CHA2005
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Figure A-2. Intersection of Right and Left Adiabats for Solving Riemann Problem
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Figure A-3. Wave Diagram Representing Solution to Riemann Problem
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APPENDIX B. Code for Re Normalizing the Air Impulse

I IMPLICIT REAL*8(A-H,O-Z) RENi0010
C CODE RENORM -- C TRANSFORMATION OF TOTAL REFLECTED IMPULSE FROM RENO0020
C BAKER'S CHART TO SPACE-NORMALIZED VALUES. RENO0030
C DATA FROM FIO. 6.5 (SUPPLEMENT) IN BAKER'S BOOK "EXPLOSIONS IN AIR" RENO0040

2 REALN4 RB,IB,RSIS,ISBARE RENO0050
3 DIMENSION RB(21),IB(21) RENO0060
4 DIMENSION RS(21),IS(21),ISBAREC21) RENO0070'
5 DATA RB/.05,.06,.07,.08,.09,.1,.2,.5,.4,.5,.6,.7,.8,.9,1., REN00080

1 2.,3.,4.,5.,6.,7./ RENO0090
6 DATA IB/4.4,3.06,2.30,1.83,1.50,1.27,.457,.293,.221,.178,.149, RENO0100

1 .128,.113,.099,.0885,.0576,.0236,.0173,.0136,.0113,.009-/ REN00110O
7 PAIw4.DONDATANC1.DO) REN00120
8 Ga1.4D0 RENO0130
9 PA=O.1DO RENO014O

10 RHOA=1.3D0 RENO0150
11 RHOO'18OO.DJ RENO0160
12 QOu4.DO REN00170
13 BETA=OSQRT(RHOA/RHOO)*CPA/CRHOO*QO))A*C1.DS,.6.DO) RENO0180
14 OOREMNC3.DO/DSQRTC2.DO*O))*(4.DO*PAI/3.DO)NWI1.DO/3.DO) RENO0190
15 BETAwBETA*GOREM REN00200
16 DELTAC (C4.DOxPAI/3.DO)9(RHO0Q0/PA) )N(1.DO/3.DO) RENOO210
17 PRINT 11, BETA,DELTA RENO0220
18 11 FJRMATC/lX,'RESULTS WITH BETA,DELTAw',2D16.7// REN00230

I IX,' N',' RB I,' IB 1,2X, REN00240
2 ' RS ',' IS 1,2X,t ISBARE 1/) REN00250

RENOO260
19 DO 1 N=1,21 REN00270
20 RS(N)=RBCN)*DELTA RENO0280
21 IS(N)=IB(N)*BETA REN00290
22 ISBARE(N)=1.D0/RS(N)**2 REND0300
23 PRINT 2, NRB(N),IB(N),RS(N),IS(N),ISBARE(N) RENOO310
2:4 2 FORMAT(1X,14,2E12.4,2X,2E12.4,2X,E12.4) RENO0320
25 1 CONTINUE RENO0330
26 END RENO034O

RESULTS WITH BETA,DELTA= 0.12041635-01 0.6706157D+02

N RB IB RS IS ISBARE

I 0.50OOE-01 O.440UE+01 6.3353E+01 0.5298E-01 0.8894E-01
2 0.60OE-•01 0 3060E+01 0.4024E+01 0.3685E-01 0.6177E-01
3 0.7000E-01 0,2300E+O1 0.4694E+01 0.2770E-01 0.4538E-01
4 0.8000E-01 0.1830E+01 0.536,5E+0 0.2204E-01 0.3474E-01
5 0.?000E-,G1 0.1500E+01 0.6056E+01 0.1806E-01 0.2745E-01
6 0.1000E+00 0.1270E+01 0.6706E+01 0.1529E-01 0.2224E-01
7 0.2000E+00 0.4570E+00 C.1341E+02 0.5503E-02 0.5559E-02
8 0.3030E+00 0.2930E+00 G.2012E+02 0.3528E-0" 0.2471E-02
9 O.4000E+30 o.2,OE+O0 0.2682E+02 0.2661E-02 0.1390E-02

10 0.SOOOE+00 0.1780E+00 0.3353E+02 0.2143E-02 0.8894E-03
11 0.6000E+00 0.1490E+O0 0. 024E+02 0.1794E-02 0.6177E-03
12 0.7000E+00 0.1280E+00 0.4694E+02 0.1541E-02 0.4538E-03
13 O.800OE+00 nt1l30E+OO G 5365E+02 0.1361E-02 0.3474E-03
14 0.9000E+00 0.9900E-01 0.6036E+02 0.1192E-02 0.2745E-03
15 0.1000E+O1 0.8850E-01 0.6706E+02 0.1066E-02 0.2224E-03
16 0.2000E+01 0.3760E-01 0.1341E+03 0.4528E-03 0.5559E-04
17 0.3000E+01 0.2360E-01 0.2012E+03 0.2842E-03 0.2471E-04
18 0.4000E+01 0.1730E-01 0.2682E+03 U.2083E-03 0.1390E-04
19 0.5000E+01 0.1360E-01 0.3L53E+03 0.1638E-03 0,8894E-05
20 0.6000E+01 0.1130E-01 0.402'qE+03 0.1361E-03 0.6177E-05
21 0.7000E+O1 0.95)OE-G2 0.4694E+03 0.1144E-03 0.4538E-05
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